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SYMBOLS, UNITS, AND EQUIVALENTS 





Symbol Equivalent 





angstrom 10-” meter 
ampere(s) 

annum, year 

billion electron volts GeV 

i 3.7 X10" dps-2.22 X10!2 dpm 
counts per minute 
disintegrations per minute 
disintegrations per second 
electron volt 1.6 X10-1? ergs 
=r 3.527 X10- 2 ounces= 
2.205 X10-* pounds 
SS Se eee cycle per second 
kilovolt peak 
meter(s) 39.4 inches 
cubic meter(s) 
millicuries per square mile____| 0.386 nCi/m? (mCi/km?) 
mile(s) 
milliliter(s) 
nanocuries per square meter__| 2.59 mCi/mi? 
roentgen 

unit of absorbed radiation 
100 ergs/g 
second 
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Reports 


Evaluation of Uranium Mine Atmospheres by Measurements 


of the Working Level and Radon 


Duncan A. Holaday and James H. Jones’ 


Using estimates of equilibrium ratios and concentrations of unattached 
atoms in uranium mines, calculations were performed and results pre- 
sented of the amount of alpha energy per liter of air per working level 
available to be imparted to the various regions of the respiratory tract. 
It was discovered that the factor that caused the greatest effect on the 
alpha energy that could be deposited in the lungs was a change in the un- 
attached fraction of the radon daughters. If the radon concentration 
was used to determine potential exposure, radon to daughter ratios also 
had a marked effect on the potential alpha energy deposition. 


The primary radiation health hazards in 
uranium mines are created by radon-222 and 
its short-lived daughters, polonium-218 (RaA), 
lead-214 (RaB), bismuth-214 (RaC) and polo- 
nium-214 (RaC’). In almost all mining situa- 
tions, the hazard from radon is believed to be 
negligible compared to that produced by the 
airborne daughters, so methods of evaluating 
mine atmospheres have been directed towards 
estimating concentrations of the daughters. 
Ideally, measurements should be made of radon, 
each individual daughter, the concentration and 
size distribution of particulates, and the frac- 
tions of each daughter which exist as “free 
atoms.” In practice, two procedures have been 
used in control programs, (1) measurements of 
radon and (2) measurement of the potential 
alpha energy of the daughters, based on the as- 
sumptions that approximately the same fraction 
of each would be deposited in the respiratory 
tract with similar distributions in the various 
parts of the lung and that most of the daughters 
which were deposited in the lung decayed to 
lead-210 (RaD) before clearance. It was recog- 
nized that both of these assumptions are only 
approximately true. 

A number of studies have been reported in 
which the radiation dose to the lung from alpha 


1 Mr. Holaday was and Mr. Jones is with the Division 
of Field Studies and Clinical Investigations, NIOSH, 
Salt Lake City, Utah. Mr. Holaday is retired. 
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particles was calculated using a variety of hypo- 
thetical mine atmospheres and several lung 
models which show that there is no constant 
ratio between working levels and rads. The 
variations in the calculated ratios are large 
when extreme conditions are considered, such as 
equilibrium ratios of RaA:RaB:RaC = 1:1:1 
and RaA:RaB:RaC = 1:0:0 with fractions of 
unattached atoms varying from 1 to 0. These 
studies raise serious questions of the suitability 
of use of measurements of the working level 
for control purposes. Measurements of radon 
followed by estimation of daughter concentra- 
tions and fractions of free atoms could be used 
if conditions were relatively stable. Conditions 
in mines, however, may vary widely from hour 
to hour. The same variations will also alter 
the validity of working level (WL) measure- 
ments. 


Effect of radon daughter equilibrium ratios 


and fractions of free atoms in lung dose calcu- 
lations 


Two in-depth reviews of the subject of lung 
dosimetry are available: those of Nelson, 
et al. (1) and Walsh (2). Nelson concluded 
that the fractions of free atoms were a 
more important parameter in affecting dose 
than were the relative proportions of daugh- 
ters, for the hypothetical atmosphere which 
they considered. Walsh also concluded that 





the relative concentrations of RaA, RaB, and 
RaC were not important because most of 
‘the radiation dose is due to RaC’ alphas. 
Walsh considered that for continuous exposure 
the mean elimination rate for radon daughters 
is mueh longer than the physical half-life and 
although radon daughters may not decay at the 
site of deposition, they will in the long run be 
replaced by atoms which will decay there, so 
there is effectively little clearance from the 
lung. The fractions of uncombined RaA, RaB, 
and RaC, however, were important in deter- 
mining lung radiation dose. 


Existing conditions in American mines 


An extensive and intensive study of the radi- 
ological characteristics of uranium mine atmos- 
pheres was reported by Breslin, George, and 
Weinstein (3). As part of this work, mean 
daily radon daughter equilibrium ratios were 
determined in 36 locations in 6 mines in New 
Mexico and Colorado. Data on radon and radon 
daughter concentrations were obtained in only 
six mines, which were considered to be 
representative of uranium mines in the indus- 
try. The fractions of free atoms were not 
measured in this study. 

Raghavayya and Jones (4) recently surveyed 
five mines in New Mexico and six in Colorado 
specifically to measure daughter equilibrium 
ratios and fractions of free atoms. A modified 
Tsivoglou method was used to calculate equilib- 
rium ratios and a wire screen procedure was 
used to estimate the fractions of each indi- 
vidual daughter. 


Equilibrium ratios 


In both of the studies referred to, the radon 
daughter equilibrium ratios were found to vary 
over wide ranges. The highest ratios were al- 
most 1:1:1 while the lowest were 1:0.21:0.03. 
The median ratios in the mines surveyed by 
Raghavayya and Jones were 1:0.56:0.42. The 
ratio between radon and RaA also varied widely 
particularly in the surveys by Raghavayya and 
Jones. As stated above, the AEC data were 
composed of mean daily averages at each sta- 
tion, while the NIOSH data are composed of 
individual samples at each station which may 
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account for some of the wider distribution of 
ratios found in the latter work. Daughter equi- 
librium ratios are affected by such factors 
as rate of air change in the area, rate 
of radon emission into the area from broken 
rock or host rock, contamination of ventilation 
air from many sources, and plating out of radon 
daughters on surfaces. Thus, it is impossible to 
predict equilibrium ratios from ventilation 
measurements only. 


Unattached atoms 


The question of the fraction of each daugh- 
ter present in the atmosphere as “unattached” 
atoms is important. It has been considered that 
in usual mine situations only small fractions 
of the RaB and RaC atoms will be present in 
this form, consequently, these fractions have 
been ignored in lung dose calculations. Measure- 
ments of unattached atoms are not easy, pri- 
marily because (as was pointed out by Breslin) 
there is no sharp distinction between unat- 
tached and attached atoms, but rather a spec- 
trum of particle sizés. Therefore, the fractions 
of unattached atoms found are, in some degree, 
dependent on the method of measurement. The 
data reported by Raghavayya and Jones are 
not necessarily precise, but they do serve to 
give relative evaluations of fractions of un- 
attached atoms of each daughter which may 
exist in actual mine situations. 

The significant findings of these workers was 
that, contrary to prior theory, appreciable frac- 
tions of RaB and RaC do occur in mine atmos- 
pheres. The fractions of free daughter atoms 
ranged from RaA, 32.7 percent; RaB, 25.6 per- 
cent; RaC, 16.9 percent to RaA, 1.8 percent; 
RaB, 4.8 percent; RaC, 3.5 percent with a 
median value of RaA, 4.6 percent; RaB, 6.5 
percent; RaC, 4.4 percent. Factors which 
affect the attachment of radon daughter atoms 
to particles include numbers of radioactive 
atoms per cm’, number of particles per cm‘, 
number of negative ions per cm* available for 
neutralizing daughter ions, and recoil detach- 
ment of daughter atoms from particles. A 
laboratory study by McLaughlin (5) also found 
that unexpectedly large fractions of RaB and 
RaC existed as unattached atoms. 


Radiation Data and Reports 





Discussion 

In studies of the effect of variations in equi- 
librium ratios and fractions of free atoms on 
lung radiation doses, hypothetical conditions 
have been used because of the paucity of in- 
formation on actual situations. The findings of 
the NIOSH surveys can be employed to give 
further insight into this question. For these 
calculations, the following assumptions were 
made. 

1. In all cases, the radon daughter concen- 
tration was 1 WL. 

2. All the daughter activity existed as un- 
attached atoms or was attached to par- 
ticles 0.2 um in diameter. 

. Nose breathing removed 50 percent of the 
unattached atoms and 10 percent of those 
on particles. Mouth breathing removed 
approximately 10 percent of the unat- 
tached atoms and none of the particles. 

. The regional depositions were calculated 
in accordance with the procedure de- 
scribed by Altshuler et al. (6). 


The numbers of daughter atoms of each spe- 
cies deposited in several regions of the respira- 
tory tract were calculated using several combi- 
nations of equilibrium ratios and fractions of 
unattached atoms. The available alpha energy 
from radioactive decay deposited in each region 
was also calculated and the total value is given 
below each table. 


Table 1. Regional deposition of radon daughter atoms 


per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters =1 WL 

Equilibrium ratio; RaA:RaB:RaC = 
1:0.56:0.42 (median of ratios found) 

Percent unattached atoms; RaA =32.7, 
RaB = 25.6, RaC = 16.9 

Nose breathing 


Table 1 shows the results using the median 
equilibrium ratio and the highest values for 
unattached atoms, while table 2 displays the 
calculations using the median ratio and the 
lowest values for free atoms. The high frac- 
tions of free atoms result in deposition of about 
2.5 times the amount of potential alpha energy 
per liter per working level as do the low values. 


Table 2. Regional deposition of radon daughter atoms 
per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters =1 WL 
Equilibrium ratio; RaA:RaB:RaC = 
1:0.56 :0.42 (median of ratios found) 
Percent unattached atoms: RaA = 1.8, 
RaB = 4.8, RaC =3.5 
Nose breathing 





Atoms of RaB | Atoms of RaC 
deposited deposited 


Atoms of RaA 
deposited 


Region of respiratory 
tract 





Unat- At- Unat- 
tached | tached | tached 





Se 
Su 























Total available alpha energy deposited = 7,715 MeV. 


Tables 3 and 4 display similar data using the 
median values for fractions of unattached 
atoms with the highest and lowest equilibrium 
ratios found, respectively. These calculations 


Table 3. Regional deposition of radon daughter atoms 


per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters = 1 WL 

Equilibrium ratio; RaA:RaB:RaC = 
1:0.21:0.03 (lowest ratios found) 

Percent unattached atoms; RaA = 4.6, 
RaB =6.5, RaC =4.4 (median values) 

Nose breathing 





Atoms of RaA | Atomsof RaB | Atoms of RaC 
d ted deposited 
Region of respiratory 
tract 





Atoms of RaA | Atoms of RaB | Atoms of RaC 


deposited 





Region of respiratory 
tract 


Unat- At- 
tached | tached 





Segmental 
Subsegmental__----.-.. 









































Total available alpha energy deposited = 17,638 MeV. 
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Total available alpha energy deposited = 8,730 MeV. 





show that wide variations in equilibrium ratios 
influence the potential alpha energy deposited 
per liter per working level only slightly. 


Table 4. Regional deposition of radon daughter atoms 
per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters=1 WL 
Equilibrium ratio; RaA:RaB:RaC = 
1:1.0:0.98 (highest ratios found) 
Percent unattached atoms: RaA = 4.6, 
RaB =6.5, RaC =4.4 (median values) 
Nose breathing 


Table 6. Regional deposition of radon daughter atoms 


per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters=1 WL 

Equilibrium ratio; RaA:RaB:RaC = 
1:0.61:0.56 (actual ratios found) 

Percent unattached atoms; RaA = 1.8, 
RaB = 4.8, RaC =3.5 

Nose breathing 








Atoms of RaA | Atoms of RaB | Atoms of RaC 
a Pp To | A p ltnad deposited 





Region of respiratory 
tract 


Unat- At At- 
tached tached 





Atoms of RaA | Atoms of RaB 


Atoms of RaC 
deposited deposited ‘ 


deposited 
Region of respiratory 
tract 





Unat-| At- Unat- At- Unat- At- 
tached | tached | tached | tached | tached | tached 





0 0 
0 0 
0 0 
75 55 























Total available alpha energy deposited = 8,510 MeV. 


Table 5. Regional deposition of radon daughter atoms 


per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters =1 WL 

Equilibrium ratio; RaA:RaB:RaC = 
1:0.47 :0.25 (actual ratios found) 

Percent unattached atoms; RaA = 32.7, 
RaB = 25.6, RaC = 16.9 

Nose breathing 





Atoms of RaA | Atoms of RaB 
deposited deposited 


Atoms of RaC 
deposited 





Region of respiratory 
tract 


At- At- Unat- 
tached tached | tached 





0 0 
0 0 
0 0 
4 70 
5 























Total available alpha energy deposited = 18,500 MeV. 


Table 5 uses the highest fractions of un- 
attached atoms found with the equilibrium 
ratio that existed at that station, while table 6 
uses the lowest fractions of unattached atoms 
with the corresponding ratios. The particle 
counts at each station also are given. The total 
energy deposited in each case is very similar to 
those found in tables 1 and 2, respectively. 
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Total available alpha energy deposited = 7,741 MeV. 


These calculations show that the primary 
factors influencing the amount of potential 
alpha energy deposited in the respiratory tract 
per WL are the fractions of unattached atoms. 
This deposited activity is subject to removal 
from the lung by clearance mechanisms such 
as mucus flow or direct passage from the lung 
to the blood. 

The data obtained in the NIOSH mine sur- 
veys can also be used to estimate the influence 
of varying radon to daughter ratios on MeV 
of available alpha energy deposited. This ques- 
tion is important when atmospheric concentra- 
tions of radon are employed as the measure of 
relative biological hazard. Tables 7 and 8 illus- 
trate this effect in two actual situations, one 
with a relatively high equilibrium ratio and the 
other with a relatively low ratio. The fractions 
of free atoms were those actually found, and 
the data were normalized to a radon concentra- 
tion of 100 pCi/liter. These tables show that 
varying equilibrium ratios have a marked effect 
on the MeV of available alpha energy deposited 
per liter per pCi of radon. In these cases, the 
available alpha energy deposited varies by a 
factor of almost 6. 

The calculations described above have shown 
that there is an appreciable effect on the poten- 
tial alpha energy deposited in the lungs, caused 
by a change in the unattached fraction of radon 
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Table 7. Regional deposition of radon daughter atoms 
per liter of air inhaled 


Conditions: Atmospheric concentration of radon 
daughters = 100 pCi/liter 

Equilibrium ratio; Rn:RaA:RaB:RaC = 
1:0.84 :0.83 :0.81 

Percent unattached atoms; RaA = 4.0, 
RaB =5.6, RaC =3.5 

Radon concentration = 100 pCi/liter 

Nose breathing 


Table 8. Regional deposition of radon daughter atoms 
per liter of air inhaled 


Conditions: Atmospheric concentration of radon 

daughters = 100 pCi/liter 

Equilibrium ratio; Rn:RaA:RaB:RaC = 
1:0.36 :0.13 :0.08 

Percent attached atoms; RaA =3.9, 
RaB =6.2, RaC =6.1 

Radon concentration = 100 pCi/liter 

Nose breathing 





Atoms of RaA | Atoms of RaB | Atoms of RaC 
deposited deposited deposited 


Region of respiratory 
tract 





Unat- At- 


Unat- 
tached | tached 


At- 
tached | tached 





Atoms of RaA | Atoms of RaB | Atoms of RaC 
deposited deposited deposited 





Region of respiratory 
tract 


Unat- t- Unat- At- Unat- 
tached | tached | tached | tached | tached 























Se 
Su 3 























Total available alpha energy deposited = 6,716 MeV. 


daughters. If radon concentration is used to 
determine potential exposure, radon to daugh- 
ter ratios also have a marked effect on potential 
alpha energy deposition. The extremes deter- 
mined in these calculations are based on con- 
ditions found in actual working mines. The 


data contained in the tables will allow lung 
doses to be calculated, using actual rather than 
theoretical conditions. 
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Radiological Survey of New London Harbor, Thames River, 


Conn., and Environs 


Sam T. Windham: and Charles R. Phillips? 


In July 1972, the Eastern Environmental Radiation Facility, in coopera- 
tion with the U.S. Naval Ship Systems Command, conducted a radiological 
survey of the New London Harbor, Thames River and environs to deter- 
mine if nuclear ship activity in that area has contributed radioactivity 
which could result in detectable radiation exposure to the public. Compari- 
son with a similar survey conducted in 1966 show that cobalt-60 activity 
levels in sediment have decreased by an average factor of 33 due to a re- 
duction in the amount of radioactivity discharged, radioactive decay and 
natural sedimentation. Analysis of samples indicative of direct pathways 
for human exposure lead to the conclusion that no significant radiation 
exposure to the public has resulted from nuclear ship operations in this 
area. It is concluded that the environmental surveillance routinely con- 
ducted by the Navy should be adequate to assure protection of the public 


from the routine nuclear ship operations. 


The Eastern Environmental Radiation Fa- 
cility®’ (EERF) of the U.S. Environmental 
Protection Agency in cooperation with the U.S. 
Naval Ship Systems Command (NAVSHIPS) 
has conducted radiological surveillance pro- 
grams in a number of ports which serve 
nuclear-powered vessels. These studies were 
begun in 1963 and were conducted at ports on 
the East, West, and Gulf Coasts of the United 
States and in Pearl Harbor, Hawaii. These 
surveys were undertaken to determine if 
nuclear-powered vessel operations, including 
berthing, repair and servicing, had resulted in 
environmental radioactivity levels which could 
contribute a detectable radiation exposure to 
the public. The survey of the harbor at Groton- 
New London, Conn., in July 1972 was a fol- 
lowup of a previous survey at this port con- 
ducted in 1966 (1). 


Consideration in design of the survey 


A primary consideration in the protocol for 


Mr. Windham is chief, Nuclear Facilities Research 
Branch, EERF, P.O. Box 3009, Montgomery, Ala. 36109. 
2 Mr. ’Phillips i is a Director, EERF, P.O. Box 61, 
Montgomery, Ala. 36109. 
*Formerly the Southeastern Radiological Health 
Laboratory, U.S. Public Health Service. 
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the survey was to be able to make a comparison 
between the radioactivity levels present in the 
harbor environs in 1972 and those present in 
1966. Sampling procedures and locations were 
se'ected so that direct comparisons could be 
made with the data obtained in the 1966 survey 
wherever practical. Locations of vessels and 
additions and changes in the docks prevented 
resurveying of some of the locations used in 
1966. 

Previously published data (2) show that the 
quantity of. radioactivity discharged annually 
into the Groton-New London Harbor was re- 
duced by a factor of 10 between 1967 and 1971. 
The total quantity of radioactivity discharged to 
the harbor by Electric Boat Division, the U.S. 
Submarine Base, and the submarine tender at 
State Pier in calendar year 1971 was less than 
0.001 curie, excluding tritium. 


Characteristics of the Thames River and 
environs 


The Thames River is a tidal estuary arising 
at the confluence of the Yantic and Shetucket 
Rivers approximately 24 km (15 miles) north 
of the Groton-New London harbor area. The 
river varies in width from 0.21 km (0.13 miles) 





to a maximum of 1.82 km (1.13 miles) where 
it empties into Long Island Sound. The mean 
tidal range of the river at New London is 76 
em (2.5 feet). 

The bottom sediment is characterized mainly 
by mud, gravel, and sand. Because of silting, 
maintenance dredging is required in the chan- 
nel and in the areas adjacent to the piers. Be- 
tween the 1966 and 1972 surveys, dredging had 
been done in an area adjacent to pier 17 and 
the marine railway at the submarine base and 
in the area north of the State pier. The material 
removed in the dredging operation is trans- 
ported by barge to a dumping area at sea. 

Personal communications with local authori- 
ties indicated no commercial fishing is done in 
the Groton-New London Harbor area, although 
sport fishing and power and sail boating are 
popular. There appeared to be no swimming 
in the harbor area with the public swimming 
areas located on Long Island Sound. 

Both Groton and New London obtain their 
city water supplies from reservoirs fed by sur- 
face streams. The harbor area is industrial- 
ized with essentially no agriculture along the 
shore. The major industries in the harbor area 
are the U.S. Submarine Base, General Dy- 
namics Electric Boat Division, and Charles 
Pfizer and Sons. 


Survey and analytical methods 


An underwater scintillation probe containing 





conjunction with a multichannel pulse height 
analyzer to obtain gamma spectra of the harbor 
bottom sediment. 

Probe measurements were made by lowering 
the detector to the harbor bottom and counting 
for 10 minutes. A background spectrum was 
taken at the same location as in the 1966 sur- 
vey and automatically was subtracted from 
subsequent spectra. This area (location 1) is 
located at “light 14” just above Dow Chemical 
Company and should be unaffected by nuclear 
ship operations downstream (figure 1). Data 
were printed out on a parallel printer. 

The probe was used as a semiquantitative tool 
in conjunction with bottom sediment samples 
on which quantitative radionuclide analyses 
were performed in the laboratory. Data ob- 
tained using the probe were useful in delineat- 
ing general areas of radioactivity whereas the 
laboratory analysis of sedment samples taken 
within these areas provided quantitative re- 
sults. 


A standard Petersen dredge was used to 
sample approximately the top 10 cm of sedi- 
ment. The samples were prepared for analysis 
by drying at 110°C and grinding to a fine 
powder. The samples were gamma counted in 
a 1-liter Marinelli beaker on a 10 by 10 cm Nal 
(Tl) detector using a multichannel analyzer. 


Vegetation samples (Fucus, an intertidal 
rockweed) were collected as available in the 
harbor area. The samples collected were gen- 
erally found growing on rocks and pier pilings. 
The vegetation samples were dried at 110°C, 
ground to a fine powder, and counted in a “cot- 





a 10 by 10 cm Nal(T1) detector was used in 














Figure 1. Thames river, New London harbor sampling locations 
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tage cheese container” on a 10 by 10 cm Nal 
(T1) detector. 

Fish samples were caught in the harbor area 
and lobsters were purchased from a local dis- 
tributor. The lobsters were trapped in the Long 
Island Sound area and represented the source 
of commercial lobsters caught nearest to the 
Groton-New London area. In the laboratory, 
these samples were chopped individually to an 
even consistency and counted wet in a 1-liter 
Marinelli beaker on a 10 by 10 cm Nal (TI) 
detector. 

Harbor water and drinking water from the 
Groton and New London municipal supplies 
were collected. Analysis consisted of a direct 
gamma spectrum analysis of 3.5 liters in a 
Marinelli beaker plus a gamma analysis (well 
crystal of a 40-ml concentrate from an evapo- 
rated 4-liter sample. 

Core samples of the harbor bottom were col- 
lected by divers at several locations. These sam- 
ples were used to define the vertical distribu- 
tion of radioactivity in the harbor bottom. The 
samples were collected by pushing a 2.5 cm 
diameter by 61-cm long plastic tube into the 
sediment as far as possible and then capping 
the ends of the tube. In the laboratory, the cores 


“Natural sedimentation could cause a reduction in 
cobalt-60 concentrations by diluting contaminated sedi- 
ment with uncontaminated sediment and by covering 
the contaminated sediment. 


Table 1. 


were cut into 2.5 cm segments and counted in 
a 10 by 10 cm Nal (TI) well crystal. 


Results and discussion 


Figures 1-8 show the sampling locations for 
the 1972 survey and the cobalt-60 concentration 
as indicated by the analysis of sediment sam- 
ples from these locations (table 1). Previous 
surveys have shown cobalt-60 to be the pre- 
dominant radioisotope introduced into the envi- 
ronment as a result of nuclear operation (1). 
For comparison, the cobalt-60 activities found in 
the 1966 and 1972 surveys are given in table 2 
for all common sampling locations. At these 
common sampling locations it is seen that the 
cobalt-60 levels are lower by an average factor 
of 33 in the 1972 survey as compared to the 
1966 survey. This reduction is due largely to 
the effects of reducing the quantity of radio- 
activity discharged to the harbor, the effects of 
natural sedimentation in the estuary,‘ and loss 
by radioactive decay. Measurements made using 
the underwater gamma probe substantiated this 
reduction in activity based on the spectra ob- 
tained on the two surveys. 

Conversations with local residents and sea- 
food suppliers indicated that there is no com- 
mercial fishing in the harbor area; therefore, 
fish samples were difficult to obtain. Flounder 
and a species of nonedible fish which were ana- 
lyzed showed no detectable amounts of cobalt- 
60. Other than natural activity and a trace of 
zirconium-niobium-95 attributed to fallout in 


Results of silt analysis, Groton, Conn. harbor survey, July 1972 
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Figure 2. State pier detail—sampling locations 


one lobster sample, no radioactivity was found 
in any of these samples. Data from analysis of 
these samples are in table 3. 


Fucus, an intertidal rockweed, was the only 
readily available vegetation in the harbor area. 
The locations and results of the gamma analysis 
of these samples are detailed in table 4. From 
the data it is seen that trace amounts of 
cobalt-60 were present in samples collected near 
the State Pier and Long Dock. Other than the 











Figure 3. Submarine base detail—sampling locations 
cobalt-60, the samples contained only varying 
amounts of natural background and fallout 
activity. 


Table 2. Comparison of cobalt-60 activity in sediment samples collected in 1966 and 1972 
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Table 3. Results of fish analysis, Groton, Conn. 
harbor survey, July 1972 


Table 5. Results of water analysis, Groton, Conn. 
harbor survey, July 1972 





Identification Specific gamma activity 


(pCi /kg wet weight) 





Bottom feeders 
leit gn cedidwibiin bnditien kein 








Table 4. Results of vegetation analysis, Groton, Conn. 


harbor survey, July 1972 





Sample identification Specific gamma activity 


(pCi /kg dry weight) 





GV-36 (from piling at Electric Boat) 2124+37% 


GV-17 (from location 57) 461 +69% 


77+97% 
624 +13% 
173 + 72% 
169 + 43% 
041+ 4% 


GV-57 (from piling of State Pier)__...-._... 844+ 41% 


336 + 24% 
24,855+ 4% 
GV-54 (from piling on Pier 16 in Sub Base)-- 3,8914+10% 
12 ,887+0.6% 

7,071+ 1% 
8,410+15% 








Water samples collected in the harbor area 
and from the Groton and New London munici- 
pal water supplies showed no activity other 
than natural potassium-40 which was detect- 
able in the harbor water samples. Data from 
analysis of water samples are in table 5. 


Gamma scan 3.5 
liter geometry 
(pCi /liter) 


Gamma scan 4 
liters evaporated 
to 40 mi geometr 
(pCi /liter)> 


Location* 





GW-1 


Location 1 58 + 50% 


716 +23% 


Location 2 
GW-58 
New London 


ND 


ND ND 
173 + 22% 
193 + 20% 


* See figures 1-4 for location details. 

> The error expressed is the percentage of the 2-sigma counting error 
for a normal distribution. 

ND, nondctectable. 


Core samples were taken at 10 locations to 
determine the vertical distribution of radio- 
activity in the sediment. Data from the analy- 
sis of these samples were presented in table 6. 

The results of core samples taken from the 
State Pier area, the Submarine Base, and at 
Electric Boat near piers C and D show that the 
principal cobalt-60 radioactivity is to be found 
at a depth of 15 to 20 cm in the sediment. Most 
of the activity in the top few centimeters in 
these areas is due to natural potassium-40 and 
thorium as well as typical fallout radionuclides. 

The results of analyses of core samples from 
locations 31 and 34 in the South Yard at Elec- 
tric Boat show that the majority of cobalt-60 
radioactivity was in the upper 13 cm of sedi- 
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Figure 5. Thames river, New London harbor and data 
Table 6. Results of core samples, * Groton, Conn. harbor survey, July 1972 
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* Analysis of samples for potassium-40, zinc-65, zi i iobi 95, 
ruthenium-106, cesium-137, cerium-144, bismuth-214, and thorium-232 
indicated levels of activity which were consistent with natural background 
and fallout from weapons testing. 

> See figures 1-4 for location details. 

* The error expressed is the percentage of the 2-sigma counting error 
for a normal distribution. 

ND, nondetectable. 
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ment. This apparently is due to redistribution 
of the upper layers of sediment due to changing 
current in the South Yard.° 

Table 7 shows a comparison of the cobalt-60 
activity in the top 10 cm of the core samples 
with that from the dredge samples taken at the 
same locations. The dredge used to collect sedi- 
ment samples also was sampling approximately 
the top 10 cm. 

With three exceptions (locations 12, 31, and 
34, table 7), the data agree quite well. At loca- 
tions 31 and 34 (table 7), if it could be assumed 
that the dredge sampled only the top 5 cm in- 


* Personal communication, Naval Ship Systems Com- 
mand. 


Table 7. Comparison of dredge samples with top 10 
em of core samples from same location 
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Figure 6. State pier detail and data 
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stead of the top 10 cm, data from these loca- 
tions would be in much better agreement. If 
little silting had taken place at these locations 
(as speculated previously), the absence of this 
soft material would cause the dredge to dig 
less deeply into a firm bottom and thus collect 
a shallow sample. 
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Figure 7. Electric Boat detail and data 
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Figure 8. Submarine base detail and data 





Conclusions 


As a result of the 1972 survey the following 
conclusions could be drawn: 

1. The data of this report show that cobalt-60 
activity levels in Thames River sediments in 
the harbor at Groton-New London, Conn., have 
decreased from 1966 to 1972 by an average 
factor of 33 for the areas sampled. This de- 
crease is due to a reduction in the amount of 
radioactive waste discharged, radioactive decay 
and natural sedimentation. 

2. The State Pier area and the South Yard 
area at Electric Boat have the highest cobalt-60 
activity levels found in the 1972 survey as was 
the case in the 1966 survey. 

3. No evidence was found of cobalt-60 activ- 
ity in areas where it was absent in the 1966 
survey. 

4. The routine environmental radiological 
monitoring program conducted by the NAV- 
SHIPS in the Groton-New London area is ade- 
quate to effectively assess the radiological im- 
pact of nuclear ships and their support facilities 
in that area. This conclusion is based on an 
analysis of the sampling frequency and the lo- 
cations and number of samples taken. Further, 
data from their recent report (2) show that the 
cobalt-60 activity levels in the river sediment 
are decreasing. 

5. The results of this survey indicate that 
nuclear-powered vessel operations have not re- 
sulted in activity levels which could contribute 
a significant radiation exposure to the public. 


This conclusion is based on the fact that: 

a. activity is located principally in harbor 
sediment and not in fish or lobster, 

b. levels of radioactivity are quite low com- 
pared to the Atomic Energy Commission 
standards, 
there is no commercial fishing in the 
harbor, and 

. no activity other than natural radioactiv- 
ity was found in the harbor and drinking 
water. 

The continuation of current waste discharge 
practices and the Navy routine monitoring pro- 
gram should be sufficient to assure continued 
absence of significant public exposure for rou- 
tine nuclear ship operations. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, July 1973 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains severa! of the biologically important radio- 
nuclides that may be released to the environ- 
ment from nuclear activities. In addition, milk 
is produced and consumed on a regular basis, 
is convenient to handle and analyze, and sam- 
ples representative of general population con- 
sumption readily can be obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations and 
long-term trends. From such information, pub- 
lic health agencies can determine the need for 
further investigation or corrective public health 
action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Adminis- 
tration, Public Health Service, consists of 65 
sampling stations: 63 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 16 of 
these State networks are reported routinely in 
Radiation Data and Reports. Additional net- 
works for the routine surveillance of radioac- 
tivity in milk in the Western Hemisphere and 
their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—7 sam- 
pling stations 


Canadian Milk Network (Radiation Protec- 

tion Division, Canadian Department of Na- 

tional Health and Welfare—16 sampling 

stations 

The sampling locations that make up the net- 
works reporting presently in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts gas- 
trointestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, 
strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium- 
40, occurs naturally in 0.0118 percent (2) 
abundance of the element potassium, resulting 
in a specific activity for potassium-40 of 830 
pCi/g total potassium. 

Two stable elements which are found in 
milk, calcium and potassium, have been used 
as a means for assessing the biological behavior 
of metabolically similar radionuclides (radio- 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 1966 
(3) and are used for general radiation calcu- 
lations. 


Accuracy of data from various milk networks 


In order to combine data from the inter- 
national, national, and State networks con- 
sidered in this report, first it was necessary to 
determine the accuracy with which each labo- 
ratory is making its determinations and the 
agreement of the measurements among the 
laboratories. The Analytical Quality Control 
Service of the Office of Radiation Programs 
conducts periodic studies to assess the accuracy 
of determinations of radionuclides in milk per- 
formed by interested radiochemical labora- 
tories. The generalized procedure for making 
such a study has been previously outlined (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of the 
18 laboratories producing data for the networks 
reporting in Radiation Data and Reports, 14 
participated in the study. 

The accuracy results of this study for these 
14 laboratories are shown in table 1. The accu- 
racy of the cesium-137 measurements continues 


to be excellent as in previous experiments. 
However, both the accuracy and precision need 
to be improved for iodine-131, strontium-89, 
and strontium-90 which could probably be ac- 
complished through recalibration. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by 
beta-particle counting in low-background detec- 
tors, and the gamma-ray emitters (potassium- 
40, iodine-131, cesium-137, and barium-140) 
are determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic meth- 
odologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels, 


Table 1. Distribution of mean results, quality control experiment 
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The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and 
generally is increased at the first measurement 
or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or pas- 
tuerized milk was collected. An analysis (6) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant (6). Particular atten- 
tion was paid to strontium-90 and cesium-137 
in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 


replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 


The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Todine-131 10 
Cesium-187 10 
Barium-140 10 





Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sampling determi- 
nations. The treatment of measurements equal 
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to or below those practical reporting levels for 
calculation purposes, particularly in calculating 
monthly averages, is discussed in the data 
presentation. 

Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range also has been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 


Radionuclide (2-standard deviations) 





Strontium-89 1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels =50 pCi/ 
liter; 

1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels =20 pCi/ 
liter ; 

4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels =100 pCi/ 
liter. 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the United States data on 
radioactivity in milk in perspective, a summary 
of the guidance provided by the Federal Radi- 
ation Council for specific environmental condi- 
tions was presented in the February 1973 issue 
of Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are reported routinely in Radiation Data 
and Reports. The relationship between the 
PMN stations and the State stations is shown 
in figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
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Table 2. Concentrations of radionuclides in milk for July 1973 and 12-month period 
August 1972 through July 1973 





Radionuclide concentration 
(pCi /liter) 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for July 1973 and 12-month period 
August 1972 through July 1973—continued 





Radionuclide concentration 
(pCi liter) 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for July 1973 and 12-month period 
August 1972 through July 1973—continued 





Radionuclide concentration 
(pCi /liter 





Strontium-90 Cesium-187 








Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 





W. Va: 
Wisc: 
Wyo: 
CANADA: 
Alberta: 
Edmonto 
British — 


CENTRAL AND SOUTH AMERICA: 
Canal Zone: 
Cc 


Chile: 

Colombia: Bogota 
Ecuador: Guayaquil 
Jamaica: _— 
Puerto Rico 





0 2 0 @ 
4 4 ;= 


1 
0 


WUUDRAAA'U' 


20 2388 a4 


wy vwuUvuUUUUY VV VU UU VY 
—- 


— 


— 








alco - nwnooro 
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® P, pasteurized milk. 
R, raw milk. 


b When an individual sampling result was equal to or less than the practical 
Monthly averages less than the practical reporting level reflect the fact Phat som: 


average contained levels gue than the ap taped 
of sam les in the monthly average is given in pa 


rting level, a value of “‘0”” was used for averaging. 
ut not all of the individual samples making up the 


ag level. When more pony one analysis was made in a month period, the number 


asteurized Milk Network station. All bere sam ~~ = locations are part of the State or National network. 


4 The practical 


were equal to or less than the following practical rting levels: 


rting level for this network differs from the general ones given in the text. Sampling results for these networks 


Cesium-137: Colorado—25 pCi/liter; n—15 pCi/liter. 
¢ This entry es the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote *. 


NA, no an: 
NS, no sample. 


monthly average for the station and the num- 
ber of samples analyzed in that month in paren- 
theses. When an individual sampling result is 
equal to or below the practical reporting level 
for the radionuclide, a value of zero is used for 
averaging. Monthly averages are calculated 
using the above convention. Averages which are 
equal to or less than the practical reporting 
levels reflect the presence of radioactivity in 
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some of the individual samples greater than the 
practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from-the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
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Figure 2. State and PMN sampling stations in the United States 


ate criterion for the case where the FRC radi- 
ation protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for July 1973 and 
the 12-month period, August 1972 to July 1973. 
Except where noted, the monthly average rep- 
resents a single sample for the sampling sta- 
tion. Strontium-89, iodine-131, and barium-140 
data have been omitted from table 2 since levels 
at all of the stations for July 1973 were below 
the respective practical reporting levels. 

Strontium-89 and iodine-131 results for indi- 
vidual samples were all below the respective 
practical reporting levels. Barium-140 results 
for individual samples were all below the prac- 
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tical reporting level with the following excep- 
tion: Kansas, Coffeyville (State) 11 pCi/liter. 

Strontium-90 monthly averages ranged from 
0 to 26 pCi/liter in the United States for July 
1973 and the highest 12-month average was 24 
pCi/liter (Little Falls, Minn.) representing 
12.0 percent of the Federal Radiation Council 
radiation protection guide. Cesium-137 monthly 
averages ranged from 0 to 67 pCi/liter in the 
United States for July 1973, and the highest 
12-month average was 45 pCi/liter (Southeast 
Florida) representing 1.3 percent of the value 
derived from the recommendations given in the 
Federal Radiation Council report. 

The Office of Radiation Programs is in the 
process of modifying the milk program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will 
be reflected in future articles. 


Radiation Data and Reports 











Acknowledgment 


Appreciation is expressed to the personnel of the following agencies who provide data from 


their milk surveillance networks: 


Environmental Control Component 
Radiologic Health Section 
California Department of Health 


Radiation Protection Division 
Canadian Department of National 
Health and Welfare 


Radiological Health Section 

Division of Occupational and 
Radiological Health 

Colorado Department of Health 


Department of Environmental Protection 
Department of Health Laboratory Division 
State of Connecticut 


Radiological and Occupational 
Health Section 

Department of Health and 
Rehabilitative Services 

State of Florida 


Bureau of Environmental Sanitation 
Division of Sanitary Engineering 
Indiana State Board of Health 


Division of Radiological Health 
Environmental Engineering Services 
Iowa State Department of Health 


Radiation Control Section 
Environmental Health Division 
Kansas State Department of Health 


REFERENCES 


(1) es J. E.. G. K. MURTHY, A. S. 
GOLDIN, H. B ROBINSON, C. P. STRAUB, F. J. 
WEBER and K. H. LEWIS. The occurrence of 
strontium-90, iodine-131, and other radionuclides in 
milk, May 1957 through April 1958. Amer J Pub 
Health 49:225 (February 1969). 

(2) U.S. ATOMIC ENERGY COMMISSION, DIVI- 
SION OF ISOTOPES DEVELOPMENT. Chart of 
the Nuclides, Tenth Edition revised to December 1968. 
Superintendent of Documents, b= zs _ ee 
Printing Office, Washington, D.C. 

(3) NATIONAL CENTER FOR RADIOLOGICAL 
HEALTH. Section I. Milk surveillance. Radiol 
Health Data Rep 9:730-746 (December 1968). 


November 1973 


Radiological Health Services 
Division of Occupational Health 
Michigan Department of Health 


Radiation Control Section 
Division of Environmental Health 
State of Minnesota Department of Health 


Bureau of Radiological Pollution Control 
New York State Department of 
Environmental Conservation 


Environmental Radiation Surveillance 
Program 

Division of Sanitation and Engineering 

Oregon State Board of Health 


Radiological Health Section 
Bureau of Environmental Health 
Pennsylvania Department of Public Health 


Division of Radiological Health 
South Carolina State Board of Health 


Radiological Health Services 
Division of Preventable Diseases 
Tennessee Department of Public Health 


Division of Occupational Health 
Environmental Health Services 
Texas State Department of Health 


Radiation Control Section 

Division of Health 

Washington Department of 
Social and Health Services 


(4) ROSENSTEIN, M. and A. S. GOLDIN. Statistical 
technics for quality control of environmental radio- 
assay. Health Lab Sci 2:93 (April 1965). 


(5) BARATTA, E. J. and F. E. KNOWLES, JR. In- 
terlaboratory study of iodine-131, cesium-137, stron- 
tium-89, and strontium-90 measurements in milk, 
June 1972, Technical experiment 72 MKAQ-1. Ana- 
lytical Quality Control Service, Office of Radiation 
ayaa EPA, Washington, D.C. 20460 (December 
1972). 


(6) ROBINSON, P. B. A comparison of results be- 
tween the Public Health Service Raw Milk and Pas- 
tuerized Milk Networks for January 1964 through 
June 1966. Radiol Health Data Rep 9:475-488 (Sep- 
tember 1968). 


675 





Milk Surveillance Network, June-July 1973 


National Environmental Research Center-Las 
Vegas, Environmental Protection Agency 


The Milk Surveillance Network, operated by 
the National Environmental Research Center— 
Las Vegas (NERC-LV) consists of 24 routine 
and two alternate sampling locations (figure 1) 
situated in the offsite area surrounding the 
Nevada Test Site (NTS). This routine network 
is operated in support of the nuclear testing 


conducted by the U.S. Atomic Energy Commis- 

sion (AEC) at the Nevada Test Site (NTS). 
In the event of a release of radioactivity from 

the NTS, special sampling within the affected 


*This network is operated under a Memorandum of 
Understanding (No. AT(26-1)-539) with the Nevada 
Operations Office, U.S. AEC, Las Vegas, Nev. 
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Figure 1. 


NERC-LV Milk Surveillance Network 
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area is conducted to determine radionuclide con- 
centrations. Additional milk sampling networks 
are operated in support of AEC operations in 
areas other than the NTS when requested. A 
complete description of sampling and analytical 
procedures was included with the milk results 
reported in the July 1973 issue of Radiation 
Data and Reports. 


Table 1. 


Results 


The analytical results of all milk samples col- 
lected in June and July 1973 by NERC-LV sur- 
veillance programs are listed in tables 1 and 2. 
With the exception of cesium-137 at levels near 
the minimum detectable activity (MDA) of 10 
pCi/liter, no gamma-emitting fission products 
were identified by gamma spectrometry in any 


Milk surveillance results, June 1973 





Date 
collected 
(June 
1973) 


Radionuclide concentrations > 
(pCi liter) 





Sample 
type * 


Cesium-137 Stron- 


tium-89 


Stron- 
tium-90 





California: 


Nevada: 


Alamo: 
Williams Dairy 


t: 
Blue Eagle Ranch 
| ree Ranch 


Schofield Dairy 
Indian Springs: 

Indian! Springs Ranch 
Las V : 


LDS Dai 
Lathrop We' 
St te Ranch 


Kenneth Lee Ranch 
Round Mountain: 


Utah: 
Cedar City: 

Western Gold Dairy 
St. George: 

R. Cox Dairy 























® 11—Pasteurized milk. 
12—Raw milk from Grade A producer(s). 
5 om ~~ ‘-- ar 
'wo-sigma coun error pro when a ie. 
g a sample size ed minimum detectable activity. 
, no an 
NS, no sample. 
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Table 2. Milk surveillance results, July 1973 





Date 
Location collected 
(Jul 
197; 


Radionuclide concentrations > 
Sample (pCi/liter) 


type * 





Cesium-187 | Strontium-89 | Strontium-90 Tritium 





California: 


y: 

Bill Nelson Dairy 
Olancha: 

Hunter Ranch 


Nevada: 


Alamo: 

Williams Dairy 
Austin: 

Young’s Ranch 
Currant: 

Blue Eagle Ranch 

Manzonie Ranch 


iko: 
Schofield Dairy 
Indian Springs: 
Indian Springs Ranch 
Las 


Vegas: 
LDS Dairy Farms 
Lathrop Wells: 

Kirker Ranch 
Lida: 


a: 
Lida Livestock Company 
Logandale: 
Vegas Valley Dairy 
und: 
McKenzie Dairy 
Mesquite: 
ughes Bros. Dairy 


anges 
earles Dairy 
Nyala: 
Sharp’s Ranch 
Pahrump: 
Owens Ranch 
Panaca: 
Kenneth Lee Ranch 
Round Mountain: 
Berg Ranch 
Shoshone: 
Kirkeby Ranch 
Springdale: 
Seidentopf Ranch 


Cedar City: 
Western Gold Dairy 


St. —— 
R. Cox Dairy 























® 11—Pasteurized milk. 
12—Raw milk from Grade A producer(s). 
13—Raw milk from family cow(s). 
b Two-sigma counting error provided when available. 
© Smali sample size oven minimum detectable activity. 
NA, no analysis. 
NS, no sample. 


of the samples collected in June. Levels of trit- 
ium near the MDA for this radionuclide (~200 
pCi/liter) were also measured by liquid scintil- 
lation. The highest concentration of tritium 
during June was 770 + 250 pCi/liter. 


No gamma-emitting fission products were 
identified by gamma spectrometry in any of the 


samples collected in July. Levels of tritium and 
strontium-90 slightly above the MDA for these 
radionuclides (~200 pCi/liter and ~1 pCi/liter, 
respectively) were detected by liquid scintilla- 
tion and radiochemistry procedures. The high- 
est concentrations of these radionuclides during 
July were 680 + 230 pCi-liter and 3.3 + 1.5 
pCi/liter, respectively. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet Study 
Radiostrontium in Milk 
Strontium-90 in Tri-City Diets 


Period reported 


Networks presently’ in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for develop- 
ing estimates of nationwide dietary intakes of 
radionuclides. Programs reported in Radiation 
Data and Reports are as follows: 


Issue 





January—June 1971 
January—December 1971 
January—December 1971 


December 1972 
November 1972 
December 1972 





Carbon-14 in Total Diet and Milk, 1972-1973 


Office of Radiation Programs 
Environmental Protection Agency 


In July 1965, a program to determine the 
levels of carbon-14 and tritium in the total diet 
and milk in the United States was initiated by 
the Public Health Service. In December 1970, 
this program was transferred to the Office of 
Radiation Programs of the Environmental Pro- 
tection Agency (EPA). Initially, monthly sam- 
ples from each of the EPA Institutional Total 
Diet Sampling Network (ITDSN) and Pasteur- 
ized Milk Network (PMN) stations were com- 
posited and analyzed according to six arbitrar- 
ily selected regions: Northeast, South, Delta, 
Central, Southwest, and Northwest. Figure 1 
shows the ITDSN and PMN sampling stations 
in each of the designated regions. 

In January 1966, the program was modified 
to include selected stations in each of the pre- 
viously mentioned regions plus Alaska and Ha- 
waii. The nine geographically distributed sam- 
pling: stations are: Palmer, Alaska; Honolulu, 
Hawaii; Idaho Falls, Idaho; Chicago, Ill.; New 
Orleans, La.; Boston, Mass.; Portland, Oreg.; 
and Charleston, S.C. Los Angeles, Calif., is not 
a PMN station, but a special milk sample is 
collected monthly for purposes of comparison 
with the routine ITDSN sample. 
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A 1-liter milk sample and a 2-kilogram food 
sample are sent to the National Environmental 
Research Center-Las Vegas for analysis. The 
milk and total diet samples analyzed represent 
the samples collected for that month. 

The carbon-14 analyses are performed semi- 
annually. The tritium analyses were discon- 
tinued in July 1969 because the results were 
only slightly above the limit of detectability and 
were less than 1 percent of the maximum per- 
missible concentration for milk and food con- 
sumed by the general population. 

The carbon-14 content is determined by com- 
bustion of the milk or food sample and collec- 
tion and purification of the evolved carbon 
dioxide. The carbon dioxide is then converted 
to benzene and counted in a liquid scintillation 
spectrometer. 


Results and discussion 


The carbon-14 concentrations in total diet 
and milk are shown in table 1 as dpm/g C and 
pCi/kg or pCi/liter. This is the final data pres- 
entation of carbon-14 in total diet since the 
ITDSN was discontinued in June 1973, and a 
summary of the mean carbon-14 concentrations 
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Figure 1. ITDSN and PMN sampling stations 


Table 1. Carbon-14 in total diet and milk, 1972-1973 





Total diet 
Date 
collected 





(dpm/g C +2¢) (pCi/kg +2¢) (dpm/g C +2¢) (pCi/liter +2c) 





April 1972 NS NS 19.2+0. 460 +20 
Dec 1972 18.4+0.7 910 +30 

470 +20 
450 +20 


18.84 . 
NS 16.04 . 


9 
8 
7 
NS 16.64 .6 430 +20 
6 
8 


NS 
17.62. 430 +20 
NS 16.9% . 500 +20 


Hawaii: ° ‘ 620 +20 NS 
: 640 +40 

. ‘ 410+20 

740 +30 J ° 650 +20 
April 1972 ° . 580 +20 . 540 +20 
Jan 1973 > ‘ 750 +30 ’ A 490 +20 
April 1973 N NS 2 é 330 +30 
860 +30 
NS 

NS 


690 +380 NS 
860 +20 
700 +80 


460 +30 NS 
5 720 +80 . . 390 +10 
470 +20 

15.4+41.0 660+40 


rp i . 510 +20 
ay 18.94 .9 780 +30 


NS 
610 +20 
NS 

















Radiation Data and Reports 





Table 1. Carbon-14 in total diet and milk, 1972-1973—continued 





Date 


Total diet Milk 





collected 


(dpm/g C +2¢) (pCi/kg +2¢) (dpm/g C +2¢) pCi/liter +2 ) 











NS NS 
20.0+ .7 660 +20 


18.9+ .8 490 +20 
17.82 .8 510 +20 


18.64 .7 710 +30 16.44 .6 610 +20 
19.84 .7 790 +30 16.9+1.4 320 +30 
NS NS 


510 +20 


NS NS wo re 570 +20 














NS, no sample. 


Table 2. Summary of the mean carbon-14 concentrations in total diet and milk for all stations 





Date collected 


Total diet* Milks 





(dpm/g C) 


(pCi/kg) (dpm/g C) (pCi/liter) 





July-December 1965 
January-June 1966 
July-December 1966 
January-June 1967 
July-December 1967 
January-June 1968 
July-December 1968 
January-June 1969 
July-December 1969 
January-June 1970 
July-December 1970 


January-June 1971 17.23 (15.92-18.48) 


July-December 1971 
January-June 1972 


8 

7 

J J r 17.8 (16.0 -19. 

i ntinninencsninabatnececnbene ova (15.6 -20.0 ) 7 
9 


‘ ° 91 16.2 (18.8 -1 
January-June 1973 17.0 (15.2 -18.9 ) 17.4 (14.3 -1 





(920-1 ,380) 
(800-1 , 510) 
(770-1 ,470) 


280) 
1,170) 


16.90 (15.07-1 
15.85 (14.50-1 














* Range of carbon-14 values given in parentheses. 


for 1965-1973 is shown in table 2. Carbon-14 
measurements in milk will continue with an 
annual analysis performed in April of each 
year. 


It is interesting to note that carbon-14 con- 
centrations in food have decreased more rapidly 
than the carbon-14 concentrations in milk. The 
Federal Radiation Council (1) predicted that 
the carbon-14 produced by atmospheric nuclear 
weapons tests would “be removed from the 
atmosphere by exchange with the ocean with a 
rate corresponding to a half-time of about 33 
years.” The data in table 2 indicate that it is 
being removed from food with a half-time rate 
of about 6 years. 
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Radionuclides in Institutional Diet Samples, January-March 1973 


Environmental Protection Agency and 
Food and Drug Administration 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environmen- 
tal radiological surveillance and assessment. 
Recognizing that the diet is a potentially sig- 
nificant contribution to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. The program is now adminis- 
tered by the Office of Radiation Programs, 
Environmental Protection Agency with the as- 
sistance of the Office of Food Sanitation, Food 
and Drug Administration, Department of 


Health, Education, and Welfare (1). 

This program estimates the dietary intake 
of radionuclides in a selected population group, 
ranging from children to young adults of school 
age. At present 26 institutions—distributed 
geographically as shown in figure 1—are being 
sampled. Previous results showed that the daily 


dietary intake of teenage girls and children 
from 9 to 12 years of age were comparable, but 
teenage boys consumed 20 percent more food 
per day (1, 2). Extrapolating this information, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intake 
of children. 

The sampling procedure is generally the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week, 
(21 meals plus between-meal snacks) obtained 
by duplicating the food intake of.a different 
individual daily. Drinking water—*which is not 
included—is also sampled periodically. Each 
daily sample is kept frozen until the end of the 
collection period. It is then packed in dry ice 
and shipped by air to either the National En- 
vironmental Research Center, Las Vegas, Nev. 
or the Eastern Environmental Radiation Fa- 
cility, Montgomery, Ala. A detailed description 





oe 


Honolul o> 























0 25 Mile 


25023 Tipe 
PANAMA 


CANAL ZONE‘A) 



































Figure 1. Institutional diet sampling locations as of March 1973 
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Table 1. Concentration and intake of stable elements and radionuclides in institutional total diets of children 
January-March 1973 





; Total Calcium 
Location of institution |Month* weight 


Potassium | Strontium-90 Cesium-137 








(1973) (kg/day) 
(g/day) 


1. 
1. 





Los Ang 
San Francisco --__- 
Wilmington 
Tampa 

ii: Honolulu 


Carson City 
: Albuquerque 
Cleveland 
Portland 
Pittsburgh 
Charleston 


Salt Lake City_-_-_ 
Seattle 














(g/day) | ci /kg) | (pCi/day) | (pCi/kg) | (pCi/day) 
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* Quarterly sample usually collected the first month of the quarter. 


> Food samples were collected from two or more children who were not between the ages of 9 and 12. 
Note: Iodine-131, barium-140, and strontium-89 were not detected at any station during this period. 


NS, no sample. 


of sampling and analytical procedures has al- 
ready been presented in Radiological Health 
Data and Reports. 


Results 


Table 1 shows the analytical results for in- 
stitutional diet samples collected from all sta- 
tions during January-March 1973. The stable 
elements, calcium and potassium, are reported 
in g/kg of diet. Where applicable, radionuclide 
concentrations of these samples reported in pCi/ 
kg of diet are corrected for radioactive decay 
to the midpoint of the sample collection period. 
Dietary intakes in g/day or pCi/day were ob- 
tained by multiplying the food consumption 
rate in kg/day by the appropriate concentra- 
tion values. The average food consumption rate 
during this period was 1.71 kg/day compared 
to the network average of 1.84 kg/day observed 
from 1961 through 1972. 

Strontium-90 dietary intake averaged 7 pCi/ 
day during this period. Cesium-137 intake aver- 
aged 7 pCi/day. These results fall within 
Range I as defined by the former Federal Radi- 
ation Council (4). Strontium-89, barium-140, 
and iodine-131 concentrations were below de- 
tectable levels. 
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All concentrations less than or equal to the 
appropriate minimum detectable level have been 
reported as zero. The minimum detectable con- 
centration is defined as the measured concen- 
tration equal to the 2 standard deviation 
analytical error. Accordingly, the minimum de- 
tectable limits are strontium-89, 5 pCi/kg; 
strontium-90, 2 pCi/kg; iodine-131, 10 pCi/kg; 
barium-140 10 pCi/kg; and cesium-137, 10 
pCi/kg. 
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Recent coverage in Radiation Data and Reports: 
Period Issue 


January-March 1972 June 1973 
April-June 1972 July 1973 
July-September 1972 August 1973 
October-December 1972 September 1973 





SECTION Il. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can 
be obtained by comparison of the observed 
values with the Public Health Service Drinking 
Water Standards (1). These standards, based 
on consideration of Federal Radiation Council 
(FRC) recommendations (2-4) set the limits 
for approval of a drinking water supply con- 
taining radium-226 and strontium-90 at 3 pCi/ 
liter and 10 pCi/liter, respectively. Higher con- 


Water sampling program 





centrations may be acceptable if the total intake 
of radioactivity from all sources remains with- 
in the guides recommended by FRC for control 
action. In the known absence’ of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentra- 
tions of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show cur- 
rent and long-range trends. Water sampling 
activities reported in Radiation Data and Re- 
ports are listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported Issue 








Colorado River Basin 

Community Water Supply Study 

Florida 

Interstate Carrier Drinking Water 

Kansas 

Michigan 

Minnesota 

New York 

North Carolina 

Radiostrontium in Tap Water, HASL 

Tritium Surveillance System 

Washington 

Water Surveillance Programs, 
NERC-LV 


1968 

1968 

1969 

1971 
January—December 1971 
January—June 1970 
July 1970—June 1971 
July—December 1971 
1968-1970 
July-December 1971 
April—June 1973 
July 1970-—June 1971 
April-May 1973 


March 1972 
September 1972 
January 1972 
May 1972 
February 1973 
November 1971 
November 1972 
August 1973 
September 1972 
November 1972 
October 1973 
August 1973 
October 1973 
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Water Surveillance Programs, June—July 1973 


National Environmental Research Center- 
Las Vegas 
Environmental Protection Agency 


The Water Surveillance Network,’ operated 
by the National Environmental Research Cen- 
ter-Las Vegas (NERC-LV), consists of 61 
sampling locations (figures 1 and 2) situated in 
the offsite area surrounding the Nevada Test 
Site (NTS). This routine network is operated 


in support of the nuclear testing programs 
conducted by the U.S. Atomic Energy Commis- 
sion (AEC) at the Nevada Test Site. 

In the event of a release of radioactivity from 


This network is operated under a Memorandum of 
Understanding (No. AT(26-1)-539) with the Nevada 
Operations Office, U.S. AEC, Las Vegas, Nev. 
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Figure 1. NERC-LV Water Surveillance Network 
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Figure 2. NERC-LV Water Surveillance Network, Las Vegas Valley 


the NTS, special sampling within the affected 
area is conducted to determine radionuclide 
concentrations and to take protective action, if 
required. Additional sampling networks are 
operated in support of AEC operations in areas 
other than the NTS when requested. A com- 
plete description of sampling and routine ana- 
lytical procedures was included with the water 
results reported in the July 1973 issue of Radi- 
ation Data and Reports. 
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Results 


The routine analytical results of all water 
samples collected in June and July 1973 by the 
NERC-LV water surveillance network are listed 
in tables 1 and 2. No gamma-emitting fission 
products were identified by gamma spectrom- 
etry in any of the June and July 1973 samples. 
The analytical results for calendar year 1973 
samples selected for special analyses will be 
reported at a later date. 
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Table 1. Water surveillance results, June 1973 





Radionuclide concentrations > 
(pCi liter) 





Gross alpha Gross beta Tritium 





California: 


ey 
Fish and Game Office 
Death Valley Junction: 


in 1” 
Bill Nelson Dairy 
Lone Pine: 

Forest Service Ranger Station 


>_> »- @D wo © & 


Post Office 
Blue Jay Highway: 

Maintenance Station 
Cactus Springs: 

Mobil Service Station 
Caliente: 

Agricultural Extension Station 
Clark Station: 

Five Mile Ranch 


‘urrant: 
Currant Ranch Cafe 
Diablo: 


Chevron Service Station 
Comins Lake 
a 
Highway Maintenance Station 
Goldfiel 


Chevron Service Station 
Hiko: 

Cc 

Se ofield airy 


Las Vegas 

Craig Ranch Golf Course 
Desert Game Range 

Lab II NER 
Lake Mead Vegas Wash 
Las Vegas District Well 28 
Municipal Golf Course 
Tule Springs 


ee 8x 


Lida Livestock Company 
Pond at storage tank 


esquite: 
Hughes Bros. Dairy 


Polwem bana View Ranch 
Mt. Charlies 
K le Sees "Fire Station 


wn aoe 8 ww om ane 


Temes ‘Service Station 
Pioche: 
County courthouse 

















a an © mh & & H & ON CHONHRRDS CO OS & ae Oo AN owe OO we 


t 


See footnotes at end of table. 
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Table 1. Water surveillance results, June 1973—continued 





Date 
collected 
(June 

1978) Gross alpha Tritium 


Radionuclide concentrations > 
(pCi /liter) 








Round Mountain: 
Mobil Service Station 2.522. 
Scotty’s Junction: 
Chevron Service Station 4.3824. 


<3. 

Sunnyside: 

Adam McGill Reservoir 7.624. 

Wildlife Management Headquarters <2 
Tonopah: 

Jerry’s Chevron Station 

Tonopah Test Range CP-1 
Warm Springs: 

Fallini’s Pond 


Utah: 


Cedar City: 
s M. D. Baldwin residence 
t 


. George: 
R. Cox Dairy 























*® 21—Pond, lake, reservoir, stock tank, stock pond. 
22—Stream, river, creek. 
23—Well. 
—— supply-mixed water sample consisting of mixed or multiple sources of water, such as well or spring. 
—Spring. 
b Swedianns counting error provided when available. 
NA, no analysis. 
NS, no samples. 


Table 2. Water surveillance results, July 1973 





Radionuclide concentrations > 
Date Sample (pCi/liter) 

Location collected type * 
(July 
1973) Gross alpha Gross beta Tritium 








California: 


Bishop: 
ish and Game Office 


Hi 


nkley: 
Bill Nelson Dairy 
Lone Pine: 
Forest Service Ranger Station 
Olancha: 
Haiwee Reservoir 
Ridgecrest: 
City Hall 


nares © & 
ancregwmanowow 


Nevada: 


Adaven: 
Canfield Ranch 
lamo: 
Pahranagat Lake 
Sheri’s Bar 
Williams Dairy 
Austin: 
Nevada National Bank 
Blue Diamond: 


Blue Jay Highway: 

Maintenance Station 
Cactus Springs: 

Mobil Service Station 
Caliente: 

Agricultural Extension Station 
Clark Station: 

Five Mile Ranch 
Currant: 

Currant Ranch Cafe 

















See footnotes at end of table. 
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Table 2.—Water surveillance results, July 1973—continued 





Radionuclide concentrations > 
Date Sample (pCi/liter) 
collected type * 


July 
(1973) Gross alpha Gross beta Tritium 








Nevada—continued 


Diablo: 
Highway Maintenance Station 
Reed Ranch 





Elgin: 
Water tower 
Ely: 
Chevron Service Station 
Comins Lake 
Eurek a 
i> Maintenance Station 
Goldfi 


Chevron Service Station 
Hiko: 

Crystal Springs 

Se ofield _ ee 


egas 
Craig Ranch Golf Course 
Desert Game Range- _- 
Lab II NERC 
Lake Mead Vegas Wash 
Las Vegas Water District Well 28 
Municipal Golf Course. 
Tule Springs 
Tule Springs Pond 
Vegas states 
Lida: 
Lida Livestock Company 
Pond at storage tank 
Lund: 
Gardner Grocery 
Manhattan: 
Country store 
Mesquite: 
ughes Bros. Dairy 


a 
edersen Valley View Ranch 
Mt. Charleston: 

Kyle Canyon Fire Station 
Nyala 

Sharp’ s Ranch 
Pahrump: 

Texaco Service Station 
Pioche: 

County courthouse 
Round Mountain: 

Mobil Service Station 
Scotty’s Junction: 

Chevron Service Station 
—— 


_oow aanaaqncacan 


os 
on So 


Sunnyside: 
Adam McGill Reservoir 
Wildlife Management Headquarters 


Tono : 
om" *s Chevron Station 
Tonopah Test Range CP-1 
Warm Springs: 
Fallini’s Pond 
Service Station and Cafe 
Twin Springs Ranch 


Utah: 


Cedar. City 
D>. Baldwin residence 
St. p e: 
R. Cox Dairy 




















* 21—Pond, lake, reservoir, stock tank, stock pond. 
22—Stream, river, creek. 
24—Multiple supply mixed (a water sample consisting of mixed or multiple sources of water such as well and spring). 
27—Spring. 
b ey counting error provided when available. 
NA, not analyzed. 
NS, no sample. 
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Radioactivity in California Waters,’ January—December 1971 and 


January—December 1972 


Radiologic Health Section, State of California 
Department of Health 


The Radiologic Health Section of the Cali- 
fornia State Department of Health has main- 
tained a program of domestic water sampling 
for radioanalyses since 1960. The source of 
radionuclides in water supplies includes the 
natural radioactivity, the contribution from 
fallout, and in a few instances, the activity 
added by sewage discharges and industrial efflu- 
ents. The California Domestic Water Network 
stations are shown in figure 1. 


The monitoring program consists primarily 
of monthly sampling of domestic water at the 
point of consumption (at the tap) and analyzing 
them for gross beta radioactivity. Fourteen of 
the 20 locations are surface water supplies, 
three are wells, two are Ranney wells, and one 
is a spring. 


1Data from State of California, Department of 
Health, Radiologic Health Section, 744 P Street, Sacra- 
mento, Calif. 95814. 
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Figure 1. California domestic water network 
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The purpose of this program is to determine 
the radioactivity of the water. Water processed 
in any manner that might remove radioactivity 
therefrom is defined herein as treated water. 
Thus, a water treatment plant that employs 
coagulation, sedimentation, filtration, or similar 
processes is considered for our purposes to pro- 
duce treated water. Chlorination is not consid- 
ered as treatment from a radiological view- 
point. Well waters, including springs and 
Ranney wells, are usually pumped directly to 
the distribution system with nothing more than 
chlorination, and are considered as raw water. 
It is not implied by the use of the words “raw” 
and “treated” that the waters are not potable 
or bacterially safe. 

Under the present sampling schedule, 
monthly 500 milliliter samples are collected by 
the purveyor of 20 water supplies and sent to 
the Sanitation and Radiation Laboratory at 
Berkeley. In addition, the purveyor collects 
a yearly composite which is analyzed for spe- 
cific radionuclides. 


Analytical procedures 


Radioanalyses of the water samples are made 
by the Sanitation and Radiation Laboratory of 
the State Department of Health. Measurements 
of gross beta radioactivity on the monthly sam- 


Table 1. 


ples are made by evaporating the samples to 
dryness and analyzing the solids for gross beta 
radioactivity in a windowless, gas-flow pro- 
portional counter. The yearly composites are 
collected throughout the year to make a 5-gallon 
sample. The entire sample is reduced to dry- 
ness. A gamma scan is made on the dry solids 
with a 10- by 10-cm (4- by 4-inch) sodium 
iodide (thallium activated) detector. Eight 
radionuclides are determined. Radiochemical 
analyses are performed to obtain radium and 
strontium-90 values. Analytical procedures are 
those recommended by the Environmental Pro- 
tection Agency (1). 


Sewage samples 


Sewage samples are collected from 20 treat- 
ment plants throughout the State (figure 2). 
Many of the cities used as sampling locations 
in this program are the same as those in the 
domestic water sampling program. Results of 
analyses of sewage effluent and sludge samples 
provide a means of assuring that industrial 
radioactive wastes discharged into sewage sys- 
tems do not become excessive. The surveillance 
of sewage assumes greater importance as iso- 
tope licenses become more numerous and as the 
quantity of radioactive material per user in- 


Gross beta radioactivity in California domestic waters, January-December 1971 





Sampling station 


Concentra tion 
(pCi /liter) 





x 
« 


July 


> 
c 
" 





Berkeley 
Crescent City 
Death Valley 
El Centro 


Los Angee 
un 


Mari 
District 

Metropolitan Water District 
of Southern Calif 


icipal Water 


San Luis Obispo 
Santa Barbara 
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RDOw~ > We Coo 

~ 
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i) 
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Zre 
Cotes 


NS 





























® Treated water means complete treatment, (note: chlorination is not considered as treatment); the use of words raw and treated does not imply the 
waters are not potable or not bacterially safe. The word “treated” implies that the water has been processed and has possibly changed the radioactive con- 


tent of the water. 
NS, no sample. 
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Table 2. Gross beta radioactivity in California domestic waters, January-December 1972 





Sampling station 


Concentration 
(pCi/liter) 





yi 


= 
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July 


na 
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g 
Fa 
< 





ie Ange 

Marin Stunicipal Water 
District 

Metropolitan Water District 
of Southern Calif 


Redding 
Sacramento 


San Diego 

San Francisco 
San Luis Obispo 
Santa Barbara 
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* Treated water means complete treatment, (note: chlorination is not considered as treatment); the use of words raw and treated —_ not imply the 
he 


waters are not potable or not bacterially safe. The word “treated” implies that the water has been processed and has possibly ch 


tent of the water. 
NS, no sample. 
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Radionuclides in California domestic waters, January-December 1971 





Sampling station 


Radionuclide concentration 
(pCi /liter) 
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Table 4. 


Radionuclides in California domestic waters, January-December 1972 





Sampling station 


Radionuclide concentration 
(pCi/liter) 





Mangan- 
ese-54 


Zirconium- Cesium- 
niobium-95 137 
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Figure 2. California sewage network 


creases. Analysis procedures for sewage efflu- 
ents are the same as the method used for do- 
mestic water except that alpha analyses are 
also included. The sludge samples are dried 
and ashed. The ashed residue is counted for 
alpha and beta radioactivities in a gas-flow 
proportional counter. 


Results and discussion 


Tables 1 and 2 show the monthly average 
beta radioactivity in the suspended-plus-dis- 
solved solids in surface and well water supplies 
in California for the calendar years 1971 and 
1972. Those water supplies listed in table 1 


November 1973 


that have a potential for becoming contami- 
nated with radioactive material either from 
sewage discharges or industrial effluents are: 
Antioch, sewage; E] Centro, industrial; Los 
Angelos (20 percent), industrial; Metropolitan 
Water District of Southern California, indus- 
trial; and San Diego, industrial. The source of 
water for the last four (all except Antioch) is 
the Colorado River. 

Tables 3 and 4 present the isotopic analyses 
for annual composites of a number of the do- 
mestic water samples during 1971 and 1972. 
Essentially all the radionuclides originating 
from fallout were below detectable limits, ex- 
cept for strontium-90, which for all locations 
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Table 5. Gross radioactivity in California sewage 
samples, 1971 


Table 6. Gross radioactivity in California sewage 
samples, 1972 





Effluent 
(pCi /liter) 


Sludge 
(pCi/g dry weight) 


Sewage treatment plant 





Alpha 








Effluent Sludge 
(pCi /liter) (pCi/g dry weight) 
Sewage treatment plant 





Alpha Alpha 








Livermore 

Los Angeles City 

Los Angeles County 
Oakland 

Orange County No. 1_-.-- 
Orange County No, 2___- 
Pleasanton 

Sacramento 

Salinas 


San Francisco: 
North Point 


WOOHOO BDNONAIOROWONHHONN 














Orange County No. 1_.-- 
Orange County No. 2__-_ 


CHM ROH AUSONFONKFAOCNNA-& 

















was substantially below recommended ingestion 
limits for drinking water. 

Tables 5 and 6 list the 1971 and 1972 yearly 
averages for alpha and beta radioactivity for 
sewage effluents and digested sludges. None of 
the plant effluents analyzed exceeded the max- 
imum permissible concentration of alpha and 
beta emitting radionuclides that, in accordance 
with California’s radiation control regulations, 
may be discharged into the uncontrolled en- 
vironment (30 and 100 pCi/liter, respectively). 
One location (Pleasanton) indicated values for 
radioactivity in sludge samples which were con- 
sistently higher than desirable. Industries that 
are likely to be the principal sources of radio- 
nuclides contributed to the waste water treat- 
ment system have been advised of the Health 
Department’s concern over the situation. A 
gradual reduction of radioactivity in the sludge 
has been apparent over the past few years, 
indicating that efforts toward compliance are 
being exercised by the waste dischargers in- 
volved. 

Tables 7 and 8 show a comparison of domes- 
tic water and sewage effluent. One would expect 
the sewage and domestic water of a community 
to have essentially the same radioactivity. 
Where these values are not the same, the differ- 
ence may be used to approximate the amount 
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Table 7. Comparison of gross beta radioactivity in 
California domestic water and sewage, 1971 





Concentration 
(pCi /liter) Ratio of 
sewage 
to water 


Sampling station 





Water 
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DWOWDOMHOISOAAHeA 


Pleasanton 


San Diego 
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San Francisco, Richmond-Sunset - - 
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Table 8. Comparison of gross beta radioactivity in 
California domestic water and sewage, 1972 





Concentration 
(pCi /liter) 
Sampling station 





Water | Sewage | Differ- 


ence 
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Los Angeles City 
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Sacramento 
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San Francisco, Richmond-Sunset - _ 
San Francisco, Southeast. 
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of radioactive material entering the sewer sys- REFERENCE 

tem. Both the differences and ratio of beta (1) prvIsION OF RADIOLOGICAL HEALTH. Ra- 
concentration are shown. By evaluating both dionuclide analysis of environmental samples, a labo- 
the sewage-water ratio and the difference, one ratory manual of methodology, Technical Report 
can readily determine where vigilance of waste R59-6. Robert A. Taft Sanitary Engineering Center, 
disposal practices into sewers is necessary. 


Cincinnati, Ohio 45226 (Revised February 1966). 


Recent coverage in Radiation Data and Reports: 


Period Issue 


January—December 1970 June 1972 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta radio- 
analysis. Although such data are insufficient 
to assess total human radiation exposure from 
fallout, they can be used to determine when to 
modify monitoring in other phases of the en- 
vironment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 


Network 
Fallout in the United States 


periodically to show current and long-range 
trends of atmospheric radioactivity in the West- 
ern Hemisphere. These include data from ac- 
tivities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, the Pan American Health 
Organization, and the California air sampling 
program. 

In addition to those programs presented in 
this issue, the following programs were previ- 
ously covered in Radiation Data and Reports. 


Period Issue 


and other areas, HASL 
Mexican air monitoring network 
Plutonium in airborne particulates 
Surface air sampling program, 80th 
Meridian Network, HASL 


1971 

September—December 1972 
October-December 1972 
January—December 1971 


August 1973 
June 1973 

June 1973 
September 1973 
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1. Radiation Alert Network 
July 1973 


Eastern Environmental Radiation Facility 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 68 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples 
5 hours after collection, when most of the radon 
daughter products have decayed, and 29 hours 
after collection, when most of the thoron daugh- 
ter products have decayed. The airborne partic- 
ulate samples and precipitation samples are sent 
to the Eastern Environmental Radiation Facil- 


ity for further analysis. All results are re- 
ported to appropriate Environmental Protection 
Agency officials by mail or telephone depending 
on levels found. A compilation of the daily 
measurements is available upon request from 
the Eastern Environmental Radiation Facility, 
P.O. Box 3009, Montgomery, Ala. 36109. A 
detailed description of the sampling and ana- 
lytical procedures was presented in the March 
1968 issue of Radiological Health Data and 
Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate and laboratory techniques 
during July 1973. 

The Office of Radiation Programs is in the 
process of modifying the air program to make 
it more responsive to potential sources of envi- 
ronmental radioactivity. These changes will be 
reflected in future articles. 
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Figure 1. 
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Radiation Alert Network sampling stations 








Table 1. Gross beta radioactivity in surface air and precipitation, July 1973 





Gross beta radioactivity Precipitation 
(pCi/m!) 





Laboratory estimate of deposition 





Station location 
5-hour field estimate Laboratory measurement 








Number Depth Total 

; . : at of (mm) deposition 

Maxi- Min- Aver- Maximum Minimum Average * samples (nCi/m?) 
mum mum age * 
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* The monthly average is calculated by weighting the measurements of individual air samples with length of sampling period. 
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2. Air Surveillance Network, July 1973 


National Environmental Research Center- 
Las Vegas’ 
Environmental Protection Agency 


The Air Surveillance Network * (ASN), oper- 
ated by the National Environmental Research 
Center-Las Vegas (NERC-LV), consists of 49 
active and 73 standby sampling stations located 
in 21 western States (figures 2 and 3). The net- 
work is operated in support of nuclear testing 
conducted by the Atomic Energy Commission 
(AEC) at the Nevada Test Site (NTS), and at 
any other designated testing sites. 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All active stations are 
operated continuously with filters being ex- 
changed over periods generally ranging from 
24 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 


plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 


Results 


Table 2 presents the average gross beta con- 
centrations in air for each of the network sta- 
tions. The minimum reporting concentration 
for gross beta activity is 0.1 pCi/m’. For re- 
porting purposes, concentrations less than 1.0 
pCi/m*® are reported to 1 significant figure, 
and those equal to or greater than 1.0 pCi/m* 
are reported to 2 significant figures. For 
averaging purposes, individual concentration 
values less than the minimum detectable con- 
centration (~0.06 pCi/m‘ for a 350-m* sample) 
are set equal to the minimum detectable con- 
centration (MDC). Reporting and rounding-off 
concentrations are indicated as follows: 


1Formerly the Western Environmental Research 


Laboratory. 

* The ASN is operated under a Memorandum of Un- 
derstanding (No. AT(26-1)-539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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Figure 2. NERC-LV Air Surveillance Network stations in Nevada 
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Figure 3. NERC-LV Air Surveillance Network stations outside Nevada 


Reported value of 
concentration above MDC 


Concentration 


(pCi/m’*) (pCi/m*) 





Reported value of 
concentration below MDC 
(pCi/m*) 





<0.05 
=> .05 <0.15 
> 15 


< 0.1 
1 


As shown by a comparison of table 2 with 
gross beta concentrations reported earlier, the 
July gross beta concentrations at most loca- 
tions were higher than for previous months, the 
highest concentration being 4.5 pCi/m* at 
Monticello, Utah. This sample was collected on 
July 11. 

From gamma spectrometry results, ruthe- 
nium-103 was identified in one sample collected 
in Idaho Falls, Idaho, on July 11 and zirconium- 
95, cerium-141, and ruthenium-103 were iden- 
tified in one sample collected in Las Vegas, Nev. 
on July 23. All concentrations were less than 
the minimum reporting concentration of 0.1 
pCi/m*. In addition, a special study was made 
of composited air filters representing 120,000 m* 
of sampled air. Gamma spectroscopy analysis 
of the composited filters indicated the presence 
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As calculated and rounded 





< 0.1 
<s 
< calculated MDC 


of trace amounts of zirconium-95, cerium-141, 
ruthenium-103, and barium-lanthanum-140. The 
concentrations of these nuclides were too low 
for definite quantification. Since no gamma- 
emitting radionuclides had been identified in air 
samples for several months prior to July and 
slight increases in gross beta concentrations 
were observed at most stations during the 
month, these radionuclides were attributed to 
the June 26, 1973 nuclear detonation by the 
People’s Republic of China. 

Complete copies of this summary and list- 
ings of the daily gross beta and gamma spec- 
trometry results are distributed to EPA Re- 
gional Offices and appropriate State agencies. 
Additional copies of the daily results may be 
obtained from the NERC-LV upon written 
request. 
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Table 2. Summary of gross beta radioactivity concentrations in air, July 1973 





Concentration 
Location ee (PCI /m*) 





Maximum Minimum 
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Table 2.—Summary of gross beta radioactivity concentrations in air, July 1973— 
continued 





Concentration 


(pCi /m') 





Minimum 
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3. Canadian Air and Precipitation 
Monitoring Program,’ July 1973 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection sta- 
tions are located at airports (figure 4), where 


the sampling equipment is operated by person- 
nel from the Meteorological Services Branch of 
the Department of Transport. Detailed discus- 
sions of the sampling procedures, methods of 
analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (1-5). 

A summary of the sampling procedures and 


* Prepared from information and data obtained from 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. 
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Figure 4. Canadian air precipitation monitoring area 


Radiation Data and Reports 





methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 

Surface air and precipitation data for July 
1973 are presented in table 3. 


Table 3. Canadian gross beta radioactivity in surface 
air and precipitation, July 1973 





Air surveillance gross 
beta radioactivity 
(pCi /m?) 


Precipitation 
measurements 





Station 
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4. Pan American Air Sampling Program 
July 1973 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were de- 
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scribed in the March 1968 issue of Radiological 
Health Data and Reports. The July 1978 air 
monitoring results from the participating coun- 
tries are given in table 4. 
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Figure 5. Pan American air sampling program stations 


Table 4. Summary of gross beta radioactivity in Pan 


American surface air, July 1973 





Gross beta radioactivity 
(pCi /m*) 
Station location 








Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Guyana: 

Jamaica: 

Peru: 

Venezuela: 

West Indies: Trinidad 




















*The monthly average is calculated by weighting the individual 
samples with length of sampling period. Values less than 0.005 pCi/m* 
are reported and used in averaging 0.00 pCi/m*. 
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5. California Air Sampling Program 
July 1973 


Radiologic Health Section 
California State Department of Health 


The Radiologic Health Section of the Cali- 
fornia State Department of Health with the 
assistance of several cooperating agencies and 
organizations operates a surveillance system for 
determining radioactivity in airborne particu- 
lates. The air sampling locations are shown in 
figure 6. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Health where they are analyzed for their 
radioactive content. 


Airborne particles are collected by a continu- 
ous sampling of air filtered through a 47 milli- 
meter membrane filter, 0.8 micrometer pore size, 
using a Gast air pump of about 2 cubic feet per 
minute capacity, or 81.5 cubic meters per day. 
Air volumes are measured with a direct read- 
ing gas meter. Filters are replaced every 24 
hours except on holidays and weekends. The 
filters are analyzed for gross alpha and beta 
radioactivity, 72 hours after the end of the col- 
lection period. The daily samples are then com- 
posited into a monthly sample for gamma spec- 
troscopy and an analysis for strontium-89 and 
strontium-90. Table 5 presents the gross beta 
radioactivity in air for July 1973. The gamma 
results are presented quarterly. 
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Figure 6. California air sampling program stations 
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Table 5. Gross beta radioactivity in California air 


July 1973 





Station location 


Bakersfield 
arstow 


San Diego. ___ 
San Luis Obispo- 
Santa Rosa__ 


Num- 





Gross beta radioactivity 
(pCi /m) 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. In- 
cluded here are such data as those obtained 


from human bone sampling, Alaskan surveil- 
lance, and environmental monitoring around 
nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy Commission 


Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors annual reports on 
the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 


Safety in directives published in the “AEC 
Manual.” ? 

A summary of the environmental radioactiv- 
ity data follows for the Los Alamos Scientific 
Laboratory. 


Title 10, Code to Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Los Alamos Scientific Laboratory’ 
Calendar Year 1971 


University of California 
Los Alamos, N. Mex. 


The Los Alamos Scientific Laboratory, which 
is administered by the University of California 
for the U.S. Atomic Energy Commission 
(AEC), lies mostly in Los Alamos County, 
with only a small segment in Santa Fe County, 
and encompasses approximately 28,000 acres. 
This parcel of AEC controlled land contains all 
of the laboratory technical areas (figure 1). 

The laboratory and community at Los Alamos 
are located on the Pajarito Plateau, situated 
west of the Rio Grande on the eastern slopes 
of the Jemez Mountains in north-central New 


*Summarized from “Environmental Monitoring at 
Major U.S. Atomic Energy Commission Contractor Sites 
—Calendar Year 1971.” 
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Mexico. This location was originally chosen for 
its relative isolation. Thus the area surround- 
ing Los Alamos, including all of Los Alamos 
County and large portions of Sandoval and 
Santa Fe Counties, is largely undeveloped ex- 
cept for those areas occupied by the laboratory 
facilities and the associated communities of 
Los Alamos and White Rock. Large tracts of 
land in the Jemez Mountains to the north, west, 
and south of the laboratory site are held by the 
Forest Service. This land is largely covered by 
fir and aspen forests which support the usual 
variety of western mountain wildlife. Agricul- 
ture is limited to home gardens with some 
grazing of beef cattle. In river valleys to the 
east, agriculture is restricted to relatively small 
plots supported by irrigation. Primary crops 
are chili peppers, beans, and tree fruits. Milk 
is not produced in commercial quantities in the 
immediate vicinity of Los Alamos. The tech- 
nical areas are principally located on the mesa 
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Figure 1. Los Alamos county and LASL technical areas 


tops with the interspersed canyons serving as 
separation areas, although a few have been lo- 
cated at the bottoms of steep, narrow canyons 
for isolation and safety purposes. 


Gaseous effiuents 


Since the laboratory is a large, broadly di- 
versified organization employing a few thou- 
sand personnel engaged in fundamental and 
applied research in the natural sciences with 
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emphasis on nuclear materials, the facilities in- 
clude literally hundreds of potential sources of 
airborne material. At present, processes which 
are known to have the potential for significant 
releases are controlled and monitored, but nu- 
merous laboratory hoods still exist where pro- 
cedural controls are relied upon for proper 
utilization. However, it should be stressed that 
within this continually changing environment 
of research, the major potential sources of 
troublesome materials are confined to a few 
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Summary of major airborne effluents, January-December 1971 





January-June 1971 





Technical area 











Technical area 
































* Natural and depleted uranium. Does not include those amounts listed under uranium-235. 
> Kilograms of depleted uranium. Mass spectrometer analysis of a typical sample indicates the composition to be 


(weight percent): 
Prahium-234, 0.0006 percent 
Uranium-235, .1925 percent 
Uranium-236, .0036 percent 
Uranium-238, 99.803 percent 


An estimate of the uranium activity only (excluding daughters) for 890 kg is 0.33 Ci. 


well-known locations. The major sources of air- 
borne contaminants at the laboratory are sum- 
marized in table 1. 

Certain tests with conventional explosives 
involve the dispersal into the atmosphere of 
kilogram quantities of depleted uranium and 
occasional small quantities of tritium and non- 
radioactive metals such as lead, copper, beryl- 
lium, aluminum, and cadmium. The amounts of 
materials given for these tests are not the 
amounts actually dispersed into the atmos- 
phere; significant fractions remain in the im- 
mediate vicinity of the test site. The magni- 
tudes of these fractions will be studied later. 

The increase in rubidium-88 and cesium-138 
from the TA-2 reactor site in July-December 
1971 over that reported in January—June was 
almost entirely due to a single release in Decem- 
ber when a valve in the stack discharge line 
failed. To document the environmental conse- 
quences of this release, filters from selected 
downwind weekly air samplers were collected 
and analyzed. No activity attributable to this 
release was found on any of the weekly filters 
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or on the filter from the daily air sampler col- 
lected that day. The excess tritium released 
from TA-3 was due to the rupture of several 
targets at the tandem Van de Graaff accelerator 
facility. 


Liquid effluents 


Cooling water and sanitary sewage comprise 
the majority of the liquid effluent streams at 
the laboratory. Again, processes which are 
known to have the potential for significant re- 
leases are controlled and monitored, but nu- 
merous drains exist where procedural controls 
are relied upon for proper utilization. 

The effluents are released into canyons that 
contain intermittent streams. The effluents re- 
charge water in the alluvium that is depleted 
by evaporation or transpiration and do not reach 
the Rio Grande. None of the effluent streams 
recharge aquifers from which municipal, in- 
dustrial, or irrigation water is drawn. 

The primary sources of potentially contami- 
nated liquid effluent from laboratory operations 
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are from the industrial liquid waste treatment 
plant at TA-21 and from the central industrial 
liquid waste treatment plant at TA-50. Efflu- 
ents from the TA-21 plant are released into DP 
canyon that is tributary to Los Alamos Can- 
yon, and those effluents from TA-50 are re- 
leased into Effluent Canyon, which is tributary 
to Mortandad Canyon. Water is released with 
concentrations lower than those listed in table 
2, AEC Manual Chapter 0524, but evaporation 
and adsorption tends to concentrate the con- 
tamination in the channel alluvium. The 
amounts of radionuclides released from these 
two sources are shown in table 2. 


Table 2. Summary of major liquid effluents 
January-December 1971 





January-June 1971 July-December 1971 





Contaminant 
TA-21 TA-50 
(mCi) (mCi) 





* 0.43 5.85 
768.51 
* .43 3.81 


Strontium-89 (¢) ¢ 28.02 
Strontium-90 

















® All alpha activity assumed to be due to plutonium. 

> All alpha activity is assumed to be due to plutonium, although as 
much as 10 percent may be due to americium-241 for individual discharges. 

© Several spot analyses indicated a ratio of 52:48 for strontium-89: 
strontium-90. 


Solid waste disposal 


Solid wastes, consisting mostly of contami- 
nated sludges from the industrial waste treat- 
ment plants and potentially contaminated trash 
from routine laboratory operations, are buried 
in pits at TA—54 on the Mesita del Buey (a loca- 
cation chosen in cooperation with the U.S. Geo- 
logical Survey to assure long time localization 
of radioactive materials) and in lined disposal 
shafts at TA-21. When appropriate, wastes are 
stabilized in concrete or other material prior 
to or during burial. The quantities of materials 
placed in storage during this period are given 
in table 3. 

The quantity of radioactive material in the 
laboratory trash and equipment is not esti- 
timated because it is below the limits of detec- 
tion for any device for the measurement of 
gross activity; however, it should be relatively 
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low compared to that in the sludge. In addition, 
one batch of waste containing about 9 grams 
of plutonium was placed in a shaft at the burial 
site and embedded in concrete. 


Routine monitoring programs 


Several routine monitoring programs are car- 
ried out to provide information on the potential 
radiation doses to people in the environs and on 
the possible accumulations of radioactive or 
nonradioactive materials. The results of these 
programs are relayed immediately to the re- 
sponsible operations so that any undesirable 
conditions may be immediately corrected. 

Station locations are chosen to provide the 
geographic coverage desired for each type of 
measurement, with constraints imposed by 
physical accessibility and by availability of 
power. Similarly, collection dates are chosen to 
give a sampling frequency adequate for each 
type of measurement, with accessibility and 
distance from the laboratory being the major 
constraining factors. Those stations which are 
within the laboratory boundaries are listed in 
the tables as “onsite”, and those which are out- 
side of these boundaries are designated as 
“offsite.” 


Air monitoring 


The air monitoring program is designed to 
provide for general surveillance of the levels 
of gross alpha and beta radioactivity in air, 
the concentrations of those specific radionu- 
clides directly associated with laboratory oper- 
ations and the concentrations of certain non- 
radioactive materials. 

A high volume air sampler drawing air 
through an MSA Type BM2133 filter cartridge 
and a charcoal canister at the rate of approxi- 
mately 400 liters per minute was maintained 
on the roof of the Occupational Health Labora- 
tory (TA-3). A second charcoal canister was 
operated on a similar high volume sampler at 
the waste treatment facility (TA-50) during 
January—June 1971. The filter and the canister 
were changed daily. The particulate material 
on the filters is measured for gross beta emis- 
sion twice, immediately and 8 days after col- 
lection, on an alpha-beta gas-flow proportional 
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Table 3. Summary of solid waste disposal, January-December 1971 





Nature of waste 


Container 
or 
stabilizer 





January-June 1971: 


rash 
uipment 
Ba Fission products and activated metal-- 
2 Pu tes from TA-21 


Fission products 


Hot cell wastes, activated metal, 
wastes containing fission products 

Contaminated sludge from TA-50 
liquid waste treatment plant 


boratory trash and scrap 
Wastes containing ** Pu 
Contaminated sludge from TA-21 

liquid waste treatment plant 








55 gallon steel barrels 
Metal containers filled with asphalt__ 


Disposal shafts 
201,690 liters cement paste in lined 
disposal shafts 


Steel drums, 30 and 55 gallons Not estimated 
Metal containers 120 
1.9 


’ -6 
Bags, ' > 2,300,000 | Not estimated 
Steel drums, 55 gallons ,000 180 
Cement paste ¥ 180 











counter. The activity collected by the canister 
is measured by gamma ray spectrometry with 
emphasis on the iodine-131 determination. The 
initial measurement of the gross beta is taken 
to give early warning of large changes which 
would be apparent above the natural radon- 
thoron background fluctuations. The primary 
record of the activity is established by the 8-day 
measurement. The results in general are com- 
parable with those samplers operated elsewhere 
in the country by the Environmental Protection 
Agency (EPA). 

The main air monitoring network consists of 
an array of air sampling stations whose sam- 
ples are collected weekly. During the period 
covered by this report, several new stations were 
added and several were deleted from the past 
network expanding the total number in opera- 
tion from 23 in January to 35 in December. 
The locations of these stations as of the end of 
the period are given in figure 2. Each station 
consists of a pump which pulls air through a 
50 mm membrane filter with a pore size of 
1.2 um and, at 12 stations, a charcoal cartridge 
for iodine collection at a rate of about 55 liters/ 
min. In July, the filter was changed to a 78-mm 
Microsorban filter having an efficiency of about 
99.8 percent for 0.3 um di-octylphthalate (DOP) 
particles (a standard test aerosol for deter- 
mining filter efficiency) and an 80-mm Welsh 
charcoal respirator cartridge at a flow rate 
averaging about 75 liters/min. These filters 
were measured for gross alpha and gross beta 
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emitters on a gas-flow proportional counter, 1 
day after collection and 8 days after collection. 
The filters from each station are then pooled 
to form a monthly composite sample which is 
analyzed radiochemically for plutonium and 
fluorometrically for uranium. An alpha spec- 
trometer is used to allow resolution of pluto- 
nium-238 and plutonium-239. The charcoal car- 
tridges are collected weekly and analyzed for 
iodine on a gamma ray spectrometer. In addi- 
tion, the stations collect a separate weekly sam- 
ple by drawing air through a tube of silica gel 
desiccate at an average flow of about 50 ml/ 
min. This arrangement permits water vapor 
collection at about 95-percent efficiency. Water 
samples are obtained by heating the desiccate 
and condensing the resulting vapor. A standard 
aliquot of this water is measured for tritium 
content by liquid scintillation counting. This 
measurement is combined with the average hu- 
midity for the week to obtain an estimate of 
the average tritium concentration in air. 

The gross alpha and gross beta activities are 
measured primarily for the purpose of screen- 
ing the samples to insure against unexpectedly 
high concentrations of radionuclides which are 
not covered by the more specific analyses. A 
summary of the results of the measurements 
taken after 8 days decay is given in table 4 for 
January—December 1971. 

The gross alpha measurements have been 
corrected both for background of the counting 
chamber and for the approximately 0.1 percent 


Radiation Data and Reports 








—_— 


Bad 


ae id 


“Sandoval County 


pcleanaerinectnhcenaniies Alamos 
(ne 


Prone 





[2] RESIDENTIAL AREAS 
S"ELASL AREA— 

tees AEC CONTROLLED LAND 
@ METEOROLOGY TOWER 


CHL] DAILY SAMPLE AND 
PARTICULATE SAMPLE 
[5] OPERATIONAL in 
@ DISCONTINUED 
2 mi 


3 4 km 








LOS ALAMOS, — 


Cou 


t 


a 
> 
i) 


om _..3 
Santa 


Ca asensennenpecltionn 
“ae, Indias = ~— 
_— 


> 
. RIS 33} nel 
Re s 


SANTA FE 
37.2 km 








Figure 2. Locations of atmospheric monitoring stations, Los Alamos 


of the beta counts that feed into the alpha 
channel of the counter (“cross-talk”). Due to 
erratic behavior of the counter during January- 
June, a detection limit could not be derived 
from considerations of the analytical procedure 
and the counting system. Instead, statistical 
analyses of the analytical results were used to 
estimate this detection limit. The entire group 
of samples (all stations and all times) were 
used to derive the detection limit for individual 
samples (maximum column), and only activi- 
ties which lie more than 2.326 standard devia- 
tions above the mean (99-percent confidence 
level) were considered to be detectable. This 
procedure led to the value of 5 fCi/m® given in 
the table. A similar procedure, but considering 
the number of samples collected at each sta- 
tion, was used to arrive at the estimate of 
2 fCi/m! for the detection limit for station aver- 
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ages. During July-December, the background 
was determined to be 0.2 counts per minute. 
A filter from the sampling array can thus be 
distinguished from the blank if it contains a 
total activity of more than 0.3 counts/min. 
Consideration of total flow through the filter 
yields a minimum detectable level of about 0.2 
fCi/m? for the total collection and analysis: pro- 
cedure. This value is subject to variation due 
to fluctuations in sampling rate. 

The gross alpha and beta emitters varied with 
time as expected from the seasonal variation 
of fallout with no real difference between the 
stations indicating that the activity was, within 
the error of the measurement, due to long term 
fallout from past weapons tests. 

A summary of the results of the plutonium 
analyses performed on the monthly composites 
of the weekly air filters is given in table 5. The 
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Table 4. Results of gross measurements on weekly 


air filters, January-December 1971 


Table 4. Results of gross measurements on weekly 
air filters, January-December 1971—continued 





Concentration 
Num- (f£Ci /m!) 


ber of 





ples Gross alpha Gross beta 





Maxi- Aver- | Maxi- | Aver- 
mum mum age 


Gross alpha Gross beta 





Concentration 
(f£Ci /m*) 


Concentration 
(fCi /m*) 





Maxi- Aver- Maxi- Aver- 
mum age mum 





January-June 1971 
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Detection limit: 
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average values are generally in line with the 
concentrations of plutonium-239 reported by 
the Environmental Protection Agency as oc- 
curring from worldwide fallout. For example, 
reported values for Denver are 55 aCi/m* and 
125 aCi/m® for the first and second 3-month 
periods of 1971, respectively (1, 2). In view of 
this correspondence and the lack of difference 
between the individual sampling stations, it is 
concluded that plutonium-239 concentrations 
listed are primarily due to fallout with no de- 
tectable contribution from the laboratory. 

The only significant station effect in the plu- 
tonium-239 concentrations occurred at station 
44 (Administration Building). Because the 
plutonium-238 concentration also was high at 
this station, both high measurements are at- 
tributed to the CMR building airborne effluents. 
All other plutonium-239 concentrations fall 
within the range of values attributable to world- 
wide fallout (1) and exhibit the same increase 
or decrease with time as did the gross alpha 
and gross beta concentrations. 
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® Status: N, new station initiated this report period; D, old station 
discontinued this report period; and C, old station continuing in operation. 

b eve and 95-percent confidence limits for the average. 

° Inclu two 2-week samples. 


All future plutonium effluents will be de- 
creased. Measures are underway to improve 
the filtration of the exhaust from the CMR 
building. This work should reduce the effluents 
by several orders of magnitude and is expected 
to be completed by mid 1973. A new and im- 
proved plutonium processing facility to replace 
the one at TA-21 is in the conceptual design 
stage. 

Analysis of the charcoal cartridges indicated 
that iodine-131 could not have been present at 
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Table 5. Plutonium concentrations in air 
January-December 1971 


Table 5. Plutonium concentrations in air 
January-December 1971—continued 





Concentration 
(aCi/m®) 





Station Plutonium-239| Plutonium-238 





Maxi- | Aver- 
age 


Maxi- | Aver- 





Concentration 
(aCi /m*) 





Plutonium-239 Plutonium-238 





Maxi- Aver- Maxi- Aver- 
mum mum age 





January-June 1971 
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concentrations above 10 fCi/m‘, the estimated 
MDL of the system. 

Stations to the north and east of the locations 
where plutonium-238 releases occurred (TA-2 
and the Chemistry and Metallurgy Research 
Building in TA-38) exhibited concentrations 
generally higher than the average of all other 
stations to the south and the distant stations 
in Santa Fe and Espanola. This result again 
is consistent with the wind patterns in Los 
Alamos over the 6-month period. 

The maximum observed onsite plutonium-238 
concentration, 280 aCi/m* at station 44 (Ad- 
ministration Building), was only 14 percent of 
2 pCi/m* concentration guide value for the solu- 
ble form of the isotope as given in AEC Manual 
Chapter 0524 for occupational exposure. Public 
traffic on adjacent roads is normally permitted, 
and the boundary of the laboratory is near this 
station. A comparison to the 70 fCi/m* concen- 
tration guide for an individual in the general 
public indicates that the maximum concentra- 
tion is less than 0.4 percent of this guide. Dur- 


November 1973 


July- 
December 1971 


aba 
He + 
Boo 


CHONSCAAQWMD @ 


ol) Lk herd 
Sonor 


Besser 
mNIOoW 


“Or ow O-I10 


1 
5 
2 
2 
2 
2 
1 
1 
33 
3 
2 
3 
2 
3 
2 
2 


AIGDOAMSAIAMAIAMTOAMNWAN CWOIIORAIIAIIIIGIIIAR POH 
HHHHHHHHHHHHHHHHHH HHH 
~ 


ASOSNICGCWOAe 


= 
~~ 























« Status: N, new station initiated this report period; D, old station 
discontinued this report period; and C, old station continuing in operation. 

> Average and 95-percent confidence limits for the ove. 

© Average and confidence interval do not include the high value. 


ing January—June, only station 9 showed a con- 
centration significantly higher than the average. 
This concentration, 88 aCi/m*, was only 0.1 
percent of the AEC standard. The maximum 
offsite concentration, 85 aCi/m* at station 12 
(Museum), was approximately 0.1 percent of 
this same guide value. An unusually high con- 
centration (1.1 fCi/m*) occurred at station 2 in 
the town of Los Alamos. It was an order of 
magnitude higher than all other monthly sam- 
ples, and no explanation can be given for it. 
The unusually high concentration of 5.9 fCi/m* 
recorded at station (Bayo Canyon Sewage 
Treatment Plant) during July-December, is 
nearly two orders of magnitude higher than all 
other measurements made during the 12-month 
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period and is not completely understood. It ap- 
pears that one of these anomalously high values 
occurs about every 6 months at one of the 
weekly air sampling stations. 

The measurements of tritiated water vapor 
in air are summarized in table 6. Analysis of 
the data indicates that there were significant 
differences between sampling stations. The on- 
site sampling stations, located closer to the 
areas where tritium releases occurred, indi- 
cated atmospheric concentrations higher than 
those measured by the samplers in the sur- 
rounding county, and these, in turn, showed 
levels above those in Santa Fe and Espanola. If 
the levels in Santa Fe and Espanola can be con- 
sidered to be representative of the background 
tritium concentrations due to worldwide fall- 
out, then the concentrations in the communities 
in Los Alamos County appear to be about twice 
background, and the concentrations at some of 


the onsite locations are about 10 times back- 
ground. The average offsite concentrations, in- 
cluding background, in the Los Alamos area 
are about 0.08 percent of the concentration 
guide of 0.2 nCi/liter as given in AEC Manual 
Chapter 0524 for individuals in the population 
or about 0.2 percent of the recommended guide 
for population groups. The average concentra- 
tions at the onsite stations are about 0.01 per- 
cent of the recommended guide for controlled 
areas (5 nCi/liter). 


Precipitation monitoring 


Deposition is measured on a daily basis using 
a precipitation collector 0.4 m? in area located 
at the waste treatment plant (TA-—50). The col- 
lector is rinsed with water and the rinse water 
is combined with whatever precipitation may 
have been collected. The sample is filtered, the 
water is evaporated to dryness and the filter is 


Table 6. Summary results for tritium analyses of weekly air samples, January -December 1971 





Concentration 
Number (pCi/m*) 
Station of 


samples 





Maximum Average 


Concentration 
(pCi/m*) 
Station 





Maximum 





January-June 1971 


July-December 1971 





Offsite: 
1 


11 
Detection level 
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23 
120 

















* Status—N, new station or old station fitted with moisture collector this report period; D, old station discontinued this report period; C, old station 


continuing in operation. 
> Average and 95 percent confidence limits for the average. 


714 


Radiation Data and Reports 





wet ashed. The two resulting planchets are 
measured separately on the Widebeta counter 
for gross beta activity, and the total beta ac- 
tivity is obtained arithmetically. Again meas- 
urements are taken immediately and after 8 
days with the 8-day measurement considered to 
represent the gross emitters free of the inter- 
fering daughters of radon and thoron. Again, 
an increase in the earlier spring and a decrease 
in the fall and winter was noted although this 
trend is considerably obscured by fluctuations 
due to scavenging by natural precipitation. 


External radiation monitoring program 


A thermoluminescent dosimeter (TLD) array 
is maintained to monitor gamma and x radia- 
tion at natural background levels to provide 
information on any possible contribution due 
to laboratory activities. To improve the quality 
of the data from this array, substantial changes 
in equipment, location, and procedure were 
affected this reporting period. 

During the first half of the year, the array 
used two TLD’s at each station. One was the 
EG&G Model TL-2B consisting of a CaF,:Mn 
powder chemically bonded to a heating coil and 
enclosed in an evacuated glass envelope; the 
other was the MBLE consisting of CaF.:(un- 
known activator) bonded to a heating cylinder 
and enclosed in an evacuated glass envelope. 
Two sets of each were maintained and swapped 
for reading at approximately 30-day intervals. 
A summary of the results is given in table 7. 
Both types suffered from an inherent natural 
dosimeter background, presumably due to natu- 


rally occurring radioisotopes in the binder and 
glass envelope. This source normally contrib- 
uted 3 to 5 times the external dose intended to 
be measured and made interpretation and eval- 
uation of the measurements very difficult. In 
addition, unexplainable discrepancies in read- 
ings from the two dosimeters at each station 
occasionally occurred. 

We, therefore, decided to replace both types 
of TLD’s with Harshaw TLD-100 LiF chips 
(natural lithium). This system was chosen be- 
cause LiF exhibits negligible dosimeter back- 
ground and fading characteristics, tissue equiv- 
alence, and uniform energy response. Although 
this system lacks the sensitivity of the CaF, :Dy 
system, its fading and energy response charac- 
teristics are better. Increasing the high voltage 
on an Eberline TLR-5 reader produces approx- 
imately 60 net counts above a 20- to 25-count 
background for a 10-mR dose to the TLD’s. This 
is approximately the dose received at a typical 
station in the TLD array. 

Due to delays in acquisition, the TLD-100 
chips were not available for placement in July. 
The operational necessity to field a set of TLD’s 
to maintain continuity led to the placement of 
55 Harshaw TLD-700 chips that were available 
for other purposes. Both TLD-700 and TLD- 
100 chips are LiF chips, but in this case the 
lithium is depleted in lithium-6. For compar- 
ison, 39 EG&G and 41 MBLE TLD’s were placed 
with the TLD-700 chips, and the results of this 
placement are given in table 7. Continued ac- 
quisition delays led to further complications in 
August. Not enough TLD-700 chips were avail- 
able to allow for placement of fresh TLD’s while 


Table 7. Thermoluminescent dosimeter readings, January-December 1971 





EG & G dosimeters 


MBLE dosimeters 


Harshaw 





Offsite 


Offsite 


Onsite Offsite Onsite 





Number 
(mR/day) (mR/day) 


° 
stations 


(mR/day) 


Number Number 
f (mR/day) (mR/day) of (mR/day) 


o 
stations stations 





40.50 +0.13 0.53+0.13 
44 ° 1 


- 52+ .1 




















0.20+0.12 
-20+4 .10 


0.21+0.12 
-214 .09 


0.12+0.03 0.14+0.01 























® Average and 95-percent confidence limits for the average. 


November 1973 





reading those that had been in the field. There- 
fore MBLE and EG&G TLD’s were again fielded 
in August, and the results of this placement 
also are given in table 7. 

The Harshaw TLD-100 TLD’s were finally 
put into service on August 25, 1971. The con- 
figuration of the station array was revised 
slightly to provide more uniform coverage. 

Each station consists of three TLD chips in 
a single container. The TLD’s are exchanged 
for fresh ones and read at 28-day intervals, and 


Table 8. Summary of thermoluminescent dosimeter 
readings, January-December 1971 





Dose 
Stations (mR) 





Average* 
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* Average and 95-percent confidence limits for the average. 
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the average of the three readings for each sta- 
tion is taken to be the dose at that station for 
that period. 

A summary of these measurements is given 
in table 8. There were five measurement in- 
tervals during the last part of the report period. 
Occasionally, a TLD package was missing at 
collection time causing the number of measure- 
ments to be less than five. Station 35 was dis- 
continued during the report period but will be 
reinstated. 

In general, the TLD measured dose decreased 
over the 6-month period. The average for all 
offsite stations was 10.8 mR per 28-day interval, 
and the corresponding number for all onsite 
stations was 11.6 mR, neglecting station 33 
(TA-18) whose response was due to the pro- 
grammed operation of a fast burst reactor at 
TA-18. The readings for two offsite stations, 
number 11, Los Alamos Airport, and number 
22, Bandelier Headquarters, and one onsite sta- 
tion, number 38 (TA-39), were slightly higher 
than the onsite and offsite averages. For com- 
parison purposes, TLD-measured dose at Colo- 
rado Springs (6,170-foot elevation) for an 
equivalent period was about 11.3 mR and points 
closer to sea level (<1,000-foot elevation) were 
reported as 2 to 6 mR (3). The Los Alamos 
averages seem to be consistent with doses ex- 
pected from solar radiation at this elevation. 


Water monitoring 


The water monitoring program is designed 
to provide for surveillance of the Los Alamos 
municipal water supply, which is drawn from 
the deep aquifer underlying the laboratory 
area, as well as for general surveillance of the 
ground and surface waters in the vicinity (fig- 
ure 3). 

Water samples are collected in new poly- 
ethylene bottles. For samples from wells other 
than supply wells, a sufficient quantity of water 
is drawn and discarded so that the sample is 
representative of the ground water at the time 
of sampling. Samples from supply wells are 
collected at the individual well heads during 
pumping. Samples of surface water are bailed 
from a convenient pool or allowed to flow di- 
rectly into the sample container. All samples 
are analyzed by radiochemical methods for 
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Figure 3. Locations of surveillance water sampling stations, Los Alamos 


gross alpha, beta, and gamma emitters; tritium, 
plutonium-238, plutonium-239 and cesium-137. 
An analyses for radium or strontium are per- 
formed if such analyses are indicated by the 
gross alpha or gross beta measurements. A 
fluorometric technique is used to measure the 
concentration of uranium. 

The plutonium determinations performed on 
these water samples deserve special mention 
since tenuous identifications of trace amounts 
of this material were made on several occasions. 
These identifications are believed to be due to 
cross-contamination in the analytical laboratory 
or to fluctuations of the MDL, both very real 
problems at the low concentrations being in- 
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vestigated here. Thus, those samples in which 
traces of plutonium were found are reported 
with the understanding that they probably are 
not indicative of actual plutonium contamina- 
tion of the water from which they were taken. 
Verification will depend upon patterns estab- 
lished by analyses of future sample collections. 


Los Alamos water supply 


Samples of water were collected and analyzed 
in a continuing program to monitor the chem- 
ical and radiochemical quality of the municipal 
water supply at Los Alamos. This water is 
pumped from the 16 deep supply wells com- 
pleted into the main aquifer and ranging in 


717 





Table 9. Analyses of Los Alamos water system samples, January-December 1971 





Number 
of 


Range 
Determination Units 





Detection 
samples limit 





January-June 1971: 


Gross alpha pCi /liter 
Gross beta__-. Ci /liter 
Plutonium-238_ Fei Niter 
Plutonium-239 {Ci /liter 
nCi /liter 
ug /liter 





pCi /liter 
a /liter 
Ci /liter 
fCi /liter 
nCi /liter 
nCi /liter 
ug /liter 























Table 10. Analysis of water from regional sampling stations 
January-December 1971 





Number 
Determination 


Range 
Detection 





oO 
samples 


Bes limit 
Minimum 





January-June 1971: 


pCi /liter 
pCi /liter 
{Ci /liter 
fCi /liter 
nCi /liter 
ug /liter 


July-December 1971: 





Gross alpha pCi /liter 
Gross beta__-_---- = “ /liter 
Plutonium-238_ __ Ci /liter 
.| {Ci fliter 
nCi /liter 
nCi /liter 
ug /liter 


























depth from 870 to 2,600 feet. One spring on the 
eastern flanks of the Jemez Mountains has been 
developed and also contributes to the water sup- 
ply. About 5 billion gallons of water were sup- 
plied to the Los Alamos complex during 1971. 
Additional data were obtained from two test 
wells which also are completed into the main 
aquifer. The range and average of constituents 
in the water from the 16 supply wells and the 2 
test wells are shown in table 9. 

These results indicate no significant change 
in the water quality during this reporting pe- 
riod as compared to previous analyses. The 
maximum concentrations were all well below 
the limits defined by the U.S. Public Health 
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Service standards for drinking water (4) and 
the concentration guides for radioactive mate- 
rials as given in AEC Manual Chapter 0524. 


Regional surface water 


Offsite rivers and reservoirs in and adjacent 
to the Los Alamos areas are sampled and ana- 
lyzed on a routine basis to provide information 
on general water quality in the area and to 
serve as background for other measurements. 
During this period, 8 water samples were col- 
lected from 4 rivers, the Rio Chama at Chamita 
and the Rio Grande at Embudo, Otowi and 
Cochiti. In addition, 8 samples were taken 
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from the following bodies of water: the 
Caliente River, Santa Cruz Reservoi~, Galisteo 
Reservoir, the Rio Grande at Bernalillo, Jemez 
Reservoir, Jemez Creek, Fenton Lake, and 
Abiquiu Reservoir. The range and average of 
constituents of water from these sampling sta- 
tions is shown in table 10. It should be noted 
that the quantity of water from those sources 
is subject to drastic fluctuations due to varia- 
tions in discharge and in size and terrain of 
the drainage area. The analysis of the water 
taken from the Rio Grande at Embudo indi- 
cated a trace of plutonium-239. 


General water surveillance 


Samples of sewage, effluent, surface water, 
shallow ground water and water from nearby 
reservoirs used for irrigation were collected 
and analyzed to help assess the overall impact 
of the laboratory operations on the environ- 
ment. 

The range and average of constituents in 
sewage effluent from four offsite municipal 


Table 11. 


sewage.treatment ponds and lagoons is shown 
in table 11> The positive value of 70 fCi/liter 
for plutonium-239 was detected in the sample 
from the Pueblo Treatment Plant. This is a 
very low value and is probably due to contami- 
nation in the handling of the sample prior to 
or during analysis. Trace amounts of plutonium- 
238 were reported in one sample each from 
the Rock Sewage Treatment Plant and the 
Bayo Sewage Treatment Plant, 60 and 80 fCi/ 
liter, respectively. 


The range and average of the measurements 
on water samples from four streams, two reser- 
voirs, two springs, and two observation holes 
are given in table 12 for January—June 1971. 
The results of the measurements on water sam- 
ples indicate no anomalies. The observation 
holes are shallow penetrations into the alluvium 
underlying the canyons and the samples repre- 
sent water which has seeped into the alluvium 
and is essentially static. Three of the inter- 
mittent flow stations and one observation hole 
are onsite. 


Analysis of effluents from sewage treatment plants, January-December 1971 





Determination Units 


Number 
of 


Range 
Detection 





samples 


limit 
Minimum 





pCi /liter 
ay /liter 
Ci /liter 
fCi /liter 
nCi /liter 
ug /liter 


July-December 1971: 


Gross alpha 
Gross beta 





pCi /liter 
Ci /liter 
Ci /liter 
Ci /liter 
nCi /liter 
nCi /liter 
ug /liter 


Plutonium-239 
Cesium-137 























Table 12. 


Analysis of water from stream, reservoir, spring and observation 


hole surveillance stations, January-June 1971 





Number 
of 


Constituent Units 


Range 





samples 


Minimum 





Offsite stations: 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239 
Tritium 


pCi/liter 


ug /liter 
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Table 13. Analyses of offsite ground water, July-December 1971 























Table 14. 


Analysis of offsite surface and ground water from the White 


Rock Canyon, July-December 1971 
































Samples from two surveillance surface and 
ground water stations—(Los Alamos Spring 
and Basalt Spring) are collected semiannually. 
The results of the analyses of these samples are 


given in table 13 for July-December 1971. No 
results were abnormal for these stations. 


A group of samples collected only on a bi- 
ennial basis consists of water samples collected 
from 24 spring and 3 stream stations in the 
White Rock Canyon of the Rio Grande. These 
springs and streams are perennial with most 
of the water discharging from the main aquifer 
from which the municipal water supply is 
drawn. 


The range and average of constituents in 
water from offsite stations at 17 springs and 
2 streams in the White Rock Canyon are shown 
in table 14 for July-December 1971. Spring 3, a 
highly mineralized spring issuing from a fault 
line on the east bank of the river, is responsible 
for several of the reported maximum values. 
Its natural uranium concentrations are much 
higher than in water from the other stations. 
Spring 1 is a seep area more than an acre in 
extent, and the sample was collected near its 
discharge into the river. Traces of plutonium- 
238 and plutonium-239 were found for the first 
time in water from this source. 
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Sediments are those earthen materials which 
have been transported and reworked by sur- 
face water. Samples are collected at the 40-50 
km distant stations from which regional sur- 
face water samples were obtained. In addition, 
samples are taken for general surveillance from 
stream beds in the canyons in the vicinity of 
the laboratory. Some of these streams occur 
naturally and may flow perennially or inter- 
mittently during the rainy season. Some are 
streams produced by effluents from laboratory 
or municipal facilities. 

Sediment samples from perennial streams are 
taken from dunes built up in eddies behind 
boulders in the main channel. In still water, the 
samples are dredged from the bottom with a 
bailer at some convenient point. From the in- 
termittent streams, the samples are collected 
across the main channel to a 1-inch depth with 
a 3-inch scoop. The samples are placed in un- 
used polyethylene containers for storage and 
transport to the laboratory. The samples are 
leached with acids and determinations of gross 
alpha emitters, gross beta emitters, plutonium 
and uranium are made on the acid leach. Stron- 
tium analyses are performed if the gross beta 
activity is high. 
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Table 15. Analyses of regional sediment samples, January-December 1971 





Number 
Determination of 


samples 


Range 
Detection 





limit 
Minimum 





January-June 1971: 


























Sediments were collected and analyzed from 
the regional surface water sampling stations 
to provide general data on the quantities of 
radioactive materials in the environment be- 
yond the general laboratory area. The results 
of the analyses are given in table 15. 


Sediments for general surveillance 


The results of the analyses of onsite and 
offsite samples are given in table 16. In gen- 


eral, the results for these sediment samples 
appear to be about as expected. Concentrations 
of plutonium lie in the range expected from 
fallout with the exception of the five samples 
taken from Pueblo, Los Alamos, and Mortandad 
Canyons. 

The area from which the two Pueblo Canyon 
samples were taken is known to have trace 
amounts of plutonium as a result of earlier re- 
leases of industrial effluents into Acid Canyon, 
a tributary to Pueblo Canyon, a short distance 
above these sampling points. These effluents 
were released from 1949 through 1962, and the 
treatment plant has since been dismantled. The 
results of this program are in agreement with 
and confirm values reported earlier for this 
region (5). 

The two positive Los Alamos Canyon samples 
also were from an area known to contain small 
quantities of this material washed down the 
canyon from effluent disposal operations in DP 
Canyon, which is tributary to Los Alamos 
Canyon several miles upgrade. The concentra- 
tions measured essentially are the same as 
those reported earlier (5). 
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The positive Mortandad Canyon sample re- 
flects operations at the central liquid waste 
treatment plant at TA-50, which discharges 
liquid effluent into Effluent Canyon, a tributary 
to Mortandad Canyon, a short distance up- 
stream of the sample collection station. Again, 
the values reported here agree with those re- 
ported earlier (5). 

One onsite sample exhibited an unusually 
high uranium concentration, reflecting the fact 
that it was collected in an area where explosive 
tests had dispersed uranium. 

Soils 

Soils are those earthen materials that are 
weathered in place. They are sampled primarily 
to indicate the possibility of deposition of con- 
taminants from the atmosphere. Samples are 
collected by taking five plugs, 3 inches in diam- 
eter and 2 inches deep, at the corners and 
center of a square 10 meters on a side. The 
five plugs are composited into a single sample 
and analyzed for gross alpha and beta radio- 
activity, plutonium, cesium, tritium, and ura- 
nium, using basically the same techniques as 
for sediment samples. Samples are taken at the 
regional surface water stations and at stations 
established for general surveillance in the vi- 
cinity of Los Alamos. 


A summary of the results from the samples 
taken at distances of 40 to 50 km from the 
center of the laboratory area is given in table 
17. The values are in line with those expected 
from natural radioactivity and fallout from 
past weapons tests (6). 





Table 16. Analysis of sediments collected for general surveillance 
January-December 1971 





Number 
Sample determination Units of 


samples 


Range 





Minimum 





January-June 1971: 
Offsite stations: 


July-December 1971: 





Offsite stations: 


fee ee te 


Onsite stations: 
Gross alpha 


Plutonium-238 
Plutonium-239 
Cesium-137 


NNNNNN 








7. 
<200 
2,790 

















® Does not include one sample from Pueblo Canyon which gave 2.9 pCi/g. 

> Does not include one sample from Mortandad Canyon which gave 1.6 pCi/g. 

© Does not include one sample from Pueblo Canyon which gave 0.8 pCi/g, two samples from Los Alamos Can- 
yon which gave 1.0 and 0.1 pCi/g, and one sample from Mortandad Canyon which gave 1.1 pCi/g. 


A summary of the results from the samples 
taken in the vicinity of Los Alamos County is 
given in table 18. 

The values found are again in general agree- 
ment with those expected from natural activity 
and fallout from past weapons tests with the 
exception of two samples. These two samples, 
which were high in plutonium, were taken from 
areas known to be contaminated from airborne 
effluents. 


Discussion 


The results of the monitoring program for 
this period confirm the generally low radiation 
levels in the Los Alamos environs as noted in 
previous periods. Measurements of the gross 
activities in air and precipitation indicate con- 
centrations similar to those measured at other 
locations in the northern hemisphere where ac- 
tivity is entirely attributable to the presence 
of worldwide fallout. Isotopic measurements of 
iodine, plutonium, and tritium in the atmosphere 
show that the iodine concentrations are below 
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the detection limit; that there are places where 
the plutonium concentrations may be somewhat 
above that expected from past weapons testing; 
and that some of the offsite concentrations of 
tritium appear to be about twice that encoun- 
tered at locations distant from the laboratory. 

In the following discussion we will use the 
concept of “dose commitment”, the total radia- 
tion dose received by an individual during his 
remaining lifetime due to operations during 
this report period. For radionuclides with long 
effective half-lives (physical and biological) the 
length of the remaining lifetime must be con- 
sidered. This length has arbitrarily been set 
as 50 years for the purposes of this report. For 
an element with an effective half-life consider- 
ably less than 50 years, by far the greatest part 
of the dose is contributed during the first few 
years, so that the length of the accumulation 
period is unimportant so long as it is longer 
than several half-lives. We thus speak merely 
of a “dose commitment” rather than a “50-year 
dose commitment.” Furthermore, for an ele- 
ment with an effective half-life very short com- 
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Table 17. Analysis of soils in vicinity of regional surface waters 
January-December 1971 





Number Range 
Determination of 


Detection 
limit 





samples : 
Maximum Minimum 





January-June 1971 


Gross alpha 
Gross beta 





Plutonium-238 
Plutonium-239 























* Soil moisture distilled from sample. 


Table 18. Analysis of soils taken for general surveillance, January-December 1971 





Number Range 
Determination i of Detection 


samples limit 
Maximum Minimum Average 








January-June 1971 


Offsite stations: 
Gross alpha 
Gross beta 


Plutonium-239 
Total uranium 


Onsite stations: 
Gross alpha 


July-December 1971 


Offsite stations: 
Gross alpha 


Plutonium-239 
Cesium-137 


Onsite stations: 
Gross alpha_ 
Gross beta__-- 
Plutonium-238_ 
Plutonium-239 - “ 
Cesium-137 -- .| fCi/g 
Tritium > nCi/liter 
Total uranium-.---- ---| ng/g 




















* Does not include one sample from TA-21 which gave 220fCi/g and one from near TA—50 which gave 110 fCi/g. 
> Soil moisture distilled from soil sample. 


pared to 50 years, the dose is received substan- Using the constants listed in the 1959 ICRP 
tially instantaneously, and it is sufficient to use internal dose report (7), the highest offsite 
the more familiar concept of dose rather than plutonium-238 concentration was sufficient to 
dose commitment. produce, during the report period, a dose com- 
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mitment for the lungs of about 0.06 mrem 
assuming all of the material to be insoluble. 
Alternately, assuming all of the material to be 
soluble (20 percent transferred to bone, a qual- 
ity factor of 10 and a “non-uniform distribu- 
tion factor” of 5), the 50-year dose commitment 
to bone was about 1.9 mrem. The actual dose 
commitment would lie somewhere between 
these two. In comparison, the guide value from 
AEC Manual Chapter 0524 for the dose com- 
mitment for bone or lungs is 1,500 mrem for 
an individual or 500 mrem for a suitable sam- 
ple of the population. The plutonium-239 results 
show no significant difference between stations 
indicating that the source is probably world- 
wide fallout. This source (averaged over all 
offsite stations) contributed an estimated dose 
commitment of about 0.09 mrem to the lungs 
or 3.4 mrem to bone. 

During the reporting period, the average off- 
site tritium concentration in the Los Alamos 
area was sufficient to produce a whole body dose 
of about 0.22 mrem, using the quality factor 
of 1.7, used in the derivation of the 1960 ICRP- 
NCRP maximum permissible concentrations 
that apparently served as the basis for the AEC 
Manual Chapter 0524 concentration guides. If 
the quality factor of 1.0 now accepted by the 
ICRP and NCRP is used for these low energy 
beta radiations, this dose is about 0.13 mrem. 
This may be compared with the radiation pro- 
tection guide for annual dose to the whole body 
given in AEC Manual Chapter 0524 of 500 
mrem for an individual or 170 mrem for a 
suitable sample of the population. 


External gamma and x-radiation levels, as 
measured by thermoluminescent dosimeters, 
were comparable to those measured elsewhere 
at approximately the same elevation. This sug- 
gests that the predominant contribution to ex- 
ternal dose is from solar radiation. 


The Los Alamos water supply remained un- 
influenced by laboratory operations. Traces of 
plutonium have been tenuously identified in 
offsite samples collected from bodies of surface 
water, sewage effluent, and, in one instance, 
ground water. These identifications are believed 
to be due to cross-contamination in the labo- 
ratory, a very real problem when dealing with 
such low levels. 
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Small quantities of plutonium and some beta 
emitters were found in sediment collected in 
several of the offsite canyons, resulting from 
past disposal operations. These locations, while 
accessible to the public, are reasonably isolated 
so that occupancy is limited to an occasional 
hiker or hunter. It is impossible to estimate a 
possible dose or dose commitment from these 
deposits; the low occupancy factor and the as- 
sociation of the material with large quantities 
of sediment should preclude the uptake of any 
significant quantities by people, animals, or 
plants. 


Summary 


Results of the environmental monitoring 
program at the Los Alamos Scientific Labora- 
tory for January through December 1971 
are given. The program is in the process 
of change in order to better satisfy the needs 
for environmental data at very low levels. Re- 
sults for this period indicate no significant 
changes from those for previous periods. Con- 
centrations of plutonium-238 above that ex- 
pected from worldwide fallout were measured 
at several stations including one offsite station. 
The 50-year dose commitment resulting from 6 
months exposure at this station is estimated to 
be less than 0.04 mrem for the lungs or 2 mrem 
for the bone as compared to the annual radi- 
ation protection guide value given in AEC 
Manual Chapter 0524 of 1,500 mrem for an 
individual or 500 mrem for a suitable sample of 
the population. Tritium concentrations in the 
atmosphere appear to be elevated in the Los 
Alamos area and may have contributed a whole- 
body dose of about 0.1 mrem during the report 
period as compared to the annual guide value 
of 500 mrem for an individual or 170 mrem for 
a suitable sample of the population. 

Areas with trace contamination by plutonium 
and beta emitters are present in canyons now 
used or previously used for disposal of liquid 
effluents. These are unoccupied areas and pre- 
sent no problems in terms of radiation expo- 
sure. Small quantities of plutonium also appear 
in the soils around the plutonium fabrication 
facility (TA-21) as a result of past deposition 
from airborne effluents. Again, the quantities 
are small and there is no indication of an ele- 
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vated air concentration which is the hazard of 
concern since inhalation is believed to be the 
main route of plutonium entry into the body. 
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Reported Nuclear Detonations, October 1973 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission con- 
ducted an underground nuclear test at its Ne- 
vada Test Site on October 12, 1973. The test 
was in the low yield range of less than 20 kilo- 
tons. 

Seismic signals, presumably from a Soviet 
underground nuclear explosion, were recorded 
by the United States on October 26, 1973. The 
signals originated at approximately 12 a.m. 
EDT, at the Semipalatinsk nuclear test area 
and were equivalent to those of an underground 
nuclear explosion in the yield range of 20-200 
kilotons. 


Seismic signals presumably from a Soviet 
underground nuclear test in the yield range of 
less than 20 kilotons were recorded by the 
United States on October 26, 1973 at about 
2:00 a.m. EDT. The signals originated in the 
southern Ural area of the Soviet Union. 

Seismic signals from a large Soviet under- 
ground nuclear test were recorded by the United 
States on October 27, 1973. The signals origi- 
nated at approximately 3 a.m. EDT, in southern 
Novaya Zemlya in the Arctic. This test was 
about the same size as the one on September 12, 
1973, which was announced as 3 to 6 megatons. 








Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 














SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


EVALUATION OF URANIUM MINE ATMOSPHERES BY MEAS- 
UREMENTS OF THE WORKING LEVEL AND RADON. Duncan A. 
Holaday and James H. Jones. Radiation Data and Reports, Vol. 14, 
November 1973, pp. 653-657. 


Using estimet-s of equilibrivm rotios and conecntrations of unattached 
atoms in uranium mines, calculations were performed and results pre- 
sented of the amount of alpha energy per liter of air per working level 
available to be imparted to the various regions of the respiratory tract. 
It was discovered that the factor that caused the greatest effect on the 
alpha energy that could be deposited in the lungs was a change in the 
unattached fraction of the radon daughters. If the radon concentration 
was used to determine potential exposure, radon to daughter ratios also 
had a marked effect on the potential alpha energy deposition. 


KEYWORDS: Alpha energy deposition, mines, radon, radon daughters, 
uranium. 


RADIOLOGICAL SURVEY OF NEW LONDON HARBOR, THAMES 
RIVER, CONN. AND ENVIRONS. Sam T. Windham and Charles R. 
Phillips. Radiation Data and Reports, Vol. 14, November 1973, pp. 659- 
666. 


The Eastern Environmental Radiation Laboratory, in cooperation with 
the U.S. Naval Ship Systems Command, conducted a radiological survey 
of the New London Harbor, Thames River and environs to determine if 
nuclear ship activity in that area has contributed radioactivity which 
could contribute detectable radiation exposure to the public. Comparison 
with a similar survey conducted in 1966 show that activity levels in sedi- 
ment have decreased by an average factor of 33 due to a reduction in 
the amount of radioactivity discharged, radioactive decay and natural 
sedimentation. Analysis of samples indicative of direct pathways for 
human exvo ure lead to the conclusion that no significant radiation 
exposure to the public has resulted from nuclear ship operations in this 
area. It is concluded that the environmental surveillance routinely con- 
ducted by the Navy should be adequate to assure protection of the public 
from the routine nuclear ship operations. 


KEYWORDS: Connecticut, environmental radioactivity, harbor survey, 
nuclear ships. 
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